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STERNITE MODIFICATION IN MALES OF THE DROSOPHILIDAE (DIPTERA)! 


MARSHALL R. WHEELER 


University of Texas, Austin 


ABSTRACT 


Sternites of the dipterous abdomen, as seen in cleared 
preparations at about 430x magnification, typically pos- 
sess a pair of minute sensilla trichodea along the basal 
border. By using these as markers of modified or ‘‘lost’’ 
sternites, it was determined that males (as well as fe- 
males) of the Drosophilidae possess seven sternites in 
the preabdomen, and that reduction has occurred in 
varying degrees among the species examined. Reduc- 


tion, leading toward ultimate loss, includes loss of 


The insect abdomen differs from the head and 
thorax by its relative simplicity of structure, the 
general lack of segmented appendages, and the 
tendency toward the reduction or absence of 
some segments. There is often a tendency to- 
ward the reduction of the first abdominal seg- 
ment, but reduction of the more _ posterior 
segments is more extreme, being correlated with 
the development of the copulatory apparatus. 

In males of the acalyptrate Diptera the first 
five or six segments comprise the preabdomen and 
show relatively little modification, while the re- 
mainder, comprising the postabdomen, have either 
been lost or have become involved in genital 
modification. Thus the primitive number of 11 
abdominal segments is no longer apparent; but 
evidence concerning the fate of the ‘‘missing”’ 
segments in acalyptrate flies is extremely meager, 
and attempts to establish homologies between 
abdominal segments and between the genitalial 
structures in different families of flies have, for 
the most part, been rather frustrating. 

The present study, dealing primarily with the 
abdominal sternites of males of the Drosophilidae, 
presents some new evidence concerning two 
types of sternite modification: reduction and 
specialization. 

In the Drosophilidae the first six tergites of the 
male belong to the preabdomen, the first (T 1) 
being somewhat reduced and more or less fused 
with the second (T 2). Posterior to T 6, and 
above the genital chamber, is the large genital 

‘Accepted for publication December 14, 1959. Partial 
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macrochaetae, loss of sclerotization, and loss of sensilla; 
some sternites have become separated into two pieces 
in this process. Various types of vestigial sternites 
still present indicate that the sequence of steps leading 
toward sternite disappearance is not constant. Sugges- 
tions are made as to the steps which might have been 
involved in sternite modification leading to incorpora- 
tion as genitalial pieces. 


arch (T 8+9 or 8+9+10) and, still farther pos- 
teriorly, is the pair of anal plates (anal cerci of 
authors). 

The abdominal spiracles are located in the 
membrane below the lower margins of the ter- 
gites (fig. 2). In the subfamily Steganinae 
(Stegana, Leucophenga, Amiota, etc.) there are six 
spiracles, corresponding to the first six tergites; 
in the Drosophilinae (Drosophila, Scaptomyza, 
Chymomyza, etc.) there are seven spiracles, two 
being located near the lower border of the sixth 
tergite. In many, but not all, of the species of 
this subfamily there is a sclerotized plate (‘‘pre- 
genital plate’’) between T 6 and the genital arch, 
and which is currently believed to represent the 
vestigial seventh tergite. In several species, 
Chymomyza procnemis for example, the seventh 
spiracle is moved dorsad and lies just below the 
presumed vestigial T 7. The Steganinae have 
usually been considered to be more primitive than 
the Drosophilinae; the presence of the seventh 
spiracle, however, is surely more primitive than 
its absence, so that for this character at least the 
Steganinae would seem to be more specialized 
(or apomorphic, using the terminology of Hennig 
1958) and the Drosophilinae more primitive 
(plesioraorphic). 

Modification and reduction in the number of 
sternites has progressed to varying degrees within 
the Drosophilidae. Females routinely possess 
six bristled sternites, the last typically bifurcate 
and partly enclosing the base of the ovipositor. 
Males, however, have only four or five bristled 
sternites. In both sexes (and in all of the species 
of Diptera so far examined) the first bristled 
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sternite invariably shows a secondary division into 
a narrow, transverse, nonbristled sclerotized bar, 
usually but not always pigmented, and a larger 
bristle-bearing apical plate (fig. 1, 2, 8). Since 
this first sternite lies approximately in line with 
the second tergite, it has generally been considered 
as the true second sternite (see, for example, 
Ferris 1950, for Drosophila melanogaster). Some 
additional evidence that this interpretation is 
correct is presented below. 
STERNAL SENSILLA 

When dissected sternites are cleared in phenol, 
mounted on slides, and examined with the com- 
pound microscope at about 430X, one can see a 
pair of minute sensilla (sensilla trichodea) near 
the basal (anterior) margin of each sternite. A 
sensillum appears as a mic TOSCOpic hair set in a 
rather conspicuous socket (fig. 3, 6). In some 
species the two sensilla are rather close together 
near the midline, while in others they are much 
farther apart. They presumably function as 
tangoreceptors (Snodgrass 1935), responsive to 
touch. Due to the telescoping of the abdominal 
segments, the apical margin of a sternite tends to 
cover the base of the next one. Thus the basal 
sensilla of a sternite come to lie in close proximity 
to the intersegmental membrane attached to the 
apical margin of the preceding sternite. In this 
position abdominal movements could easily cause 
excitation of the sensilla. 

Although an occasional abnormal sternite has 
been found, with a single sensillum or with sen- 
silla in unusual positions, their presence is so 
nearly constant that they can be used as indica- 
tors of sternites even when the latter have become 
so highly modified that their true nature is not 
immediately evident. In sternite reduction, fur- 
thermore, the sensilla are usually the last vestiges 
of the sternite to disappear, as is shown in some 
of the examples described below. 

Sensilla of the type described here for the 
Drosophilidae are not limited to that family, but 
may well be characteristic of all the Diptera. 
We have not attempted an extensive survey, but 
dissections of a few assorted species have shown 
them to be present in members of the Culicidae, 
Simuliidae, Coelopidae, Ephydridae, Chloropidae, 
Lauxaniidae, and Muscidae. Fucomyia vanduzeei 
(Coleopidae) was exceptional in possessing four, 
rather than two, sensilla on each sternite except 
the second (figs. 8, 9). 

STERNITE NUMBER 

Various degrees of reduction of the true first 
sternite (S 1) have occurred in males of the 
Drosophilidae, leaving vestigial remnants of 
several kinds. In species of A miota, Leucophenga, 
and Stegana it remains as a crescentic sclerotized 
plate, a bristles, anterior to the second 
sternite (fig. 7 In Drosophila victoria (figs. 1, 4) 
the first meinite is represented by a pair of pig- 
mented, bristle-bearing plates; the sensilla of this 
segment lie in the membrane between these plates 
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and the hind coxae. In the majority of the 
Drosophila species examined, however, no con- 
spicuous vestiges of 5 1 remé uin, although a 
typical pair of sensilla could usually be found in 
the membrane behind the last coxae (fig. 6). 
This is interpreted to mean that all other por- 
tions of the first sternite have been lost, leaving 
only the sternal sensilla as markers of the former 
existence of the sternite. 

The first bristled sternite (S 2), consisting of a 
basal piece and a larger bristled plate, might pos- 
sibly be interpreted as representing vestiges of 
two sternites. It is only the basal transverse 
piece, however, which bears sensilla, confirming 
our belief that the two parts belong to the same 
sternite. The separation of this sternite into 
two parts is characteristic of all of the species of 
Diptera so far examined. It seems likely that 
some important function is served by this arrange- 
ment. Dissection in saline shows clearly that a 
major cluster of muscle fibers is attached to the basal 
piece while relatively few are attached to the 
apical portion. The membrane between the two 
is always modified into a wrinkled, roughly cir- 
cular area (fig. 6) and in some species of Drosophila, 
at least, this area has a secretory function. The 
secretory product has not yet been identified. 

Since the first bristled sternite of female 
Drosophila is also located in line with the second 
tergite, females of several species (melanogaster 
and virilis, among others) were examined for the 
presence of the sensilla of the true first sternite; 
they were present, as we expected, in each of 
these females. In the female Drosophila, there- 
fore, S 1 is represented by sensilla only, and is 
followed by six bristled plates, making a total of 
seven preabdominal sternites. Using vestigial 
sensilla as markers for lost or modified sternites, 
we have found that the basic number of pre- 
abdominal sternites in males also is seven. 

In males of the saltans group of Drosophila S & 
is a typical bristled sternite (figs. 2, 5); in the 
membrane just posterior to S 6 is the pair of 
sensilla representing the vestige of a seventh 
sternite. In males of D. melanogaster, pseudo- 
obscura, and others S 6 is a sclerotized plate bear- 
ing sensilla but lacking bristles; in these species, 
also, S 7 is represented by a pair of sensilla in the 
membrane. In males of D. virilis, repleta,and 
many others, possessing only four-bristled ster- 
nites (S 2-5), there are two pairs of sensilla in the 
membrane behind S 5. Thus there is evidence 
of seven sternites in these species also. In all 
of the species in which S 6-7 are represented only 
by sensilla, the last sensilla are moved laterally 
with respect to those of S 6, the membrane on 
which they are located forming the lateral bound- 
aries of the genital chamber. Additional vestiges 
of S 6 are present in Chymomyza procnemis (fig. 3) 
Posterior to the sensilla of S 6 is a pair of pig- 
mented, sclerotized plates, apparently remnants of 
S 6, followed by the sensilla of S 7 
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Fics. 1-9.—Photomicrographs of sternites and sternal sensilla of some male Diptera. All are ventral views of 
cleared specimens. Homologous abdominal segments are shown by number. 5S: sternite; s: sensillum; sp: spiracle. 
Fics. 1 and 4.—Drosophila victoria. Fics. 2 and 5.—Drosophila neocordata.:. FiG. 3.—Chymomyza procnemis. FG. 
6.—Drosophila repleta. FiG.7.—Amiota sp. Fics. 8 and 9.—Fucomyia vanduzeet 
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It is nearly universally agreed that the hy- 
pandrium of the inner copulatory apparatus 
represents the ninth sternite (novasternum of 
authors), and the bridge-like structure connecting 
the right and left claspers in the Drosophilidae 
has been called the tenth or decasternum. We 
have found no evidence in this family of the 
eighth sternite. This is not surprising, however, 
since Steyskal (1957) has indicated that only in 
the genus Fucomyza of the Coelopidae is there a 
sclerite which can be interpreted as the vestigial 
eighth sternite of an acalyptrate fly. 


SEQUENCE OF STERNITE REDUCTION 

Judging from the variety of sternal vestiges 
which have been found in the Drosophilidae, it 
seems that sternite reduction may follow many 
different patterns, rather than being limited to any 
particular sequence of reduction. The major 
steps in sternite degradation would appear to be: 
loss of macrochaetae, decrease or loss of sclero- 
tization (with or without separation into two 
bilateral pieces), and, finally, loss of sensilla. 

Six degrees of reduction of the first sternite have 
been observed in the Drosophilidae. The sternite 


may remain as a large, non-bristled plate (4 miota, 
etc.), as a pair of small bristled plates (D. victoria), 
as a pair of small nonbristled plates (D. nannop- 
tera and others), as sensilla only (many species), 
as bristles only, or without any vestiges whatever 
In Drosophila hydei (o% 2) the sensilla of S 1 


could not be found, but a few bristles were ob- 
served instead. The number of bristles varied, as 
did their position; 9 specimens had no bristles, 
16 had a single bristle, 3 had two bristles, and 2 
had three bristles. In this species, then, sternal 
bristles of S 1 seem to be the last vestiges to 
remain but strict genetic control has apparently 
been lost. In D. thoracis, on the other hand, no 
vestiges of S 1 of any kind were observed, indi- 
cating again that even sensilla may sometimes 
be lost. 

A similar series of stages can be described for 
the sixth sternite. It occurs in unmodified form 
(saltans group of Drosophila), as a nonbristled 
sclerotized plate (D. melanogaster, etc.), as a pair 
of reduced sclerotized plates (C. procnemis), or 
as sensilla only (many species). The seventh 
sternite is represented only by sensilla in all of 
the species so far examined, with a single excep- 
tion. In the single male of D. favopinicola which 
was dissected, the sensilla of S 6 were present as 
usual, but in the approximate locations where 
the sensilla of S7 were expected, only a few bristles 
were seen, one bristle on the right side and two 
on the left 

STERNITE SPECIALIZATION 

Modification of a sternite may result in speciali- 
zation rather than degradation, and may thus 
become quite useful in taxonomy. Sabrosky 
(1959) has recently shown the value of such 
characters in the genus Pholeomyia of the dipter- 
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ous family Milichiidae. In the Drosophilidae the 
last bristled sternite is often modified in shape; in 
D. parasaltans, for example, S 6 is partially divided 
into right and left halves, while in the closely 
related subsaltans no such division is present 

In D. setula S 5 is enlarged and broadly truncate. 
apically, while in a number of related species this 
sternite is of normal size and rounded. 

More extreme modifications occur in the Ste- 
ganinae. The sixth sternite of Sinophthalmus 
pictus is an external sclerotized plate situated at 
nearly a right angle to S 5. In an undescribed 
species of Amiota (subgenus Phortica) from 
Panama § 5 is a V-shaped plate with the point of 
the V produced inward into the abdomen, and 
with the arms of the V lying on the surface; in 
the cleared abdomen one can see the anterior end 
of the aedeagal apodeme resting in the ‘‘pocket”’ 
formed by the invaginated portion. In _ this 
species S 6 is an enlarged flat plate lying on the 
surface, without bristles except for its extreme 
outer corners. 

In two unidentified species of A mota (subgenus 
Amiota) S 4 is an enlarged sclerotized plate, of 
unusual shape and with reduced bristle number 
More striking, however, is the modification of S 6 
in this subgenus. In dissecting males we have 
found a dark sclerotized, saclike pouch within the 
abdomen, just dorsad of S 5, the last bristled 
sternite (fig. 7). This structure is attached by 
membrane to the posterior margin of S 5; its free 
end, however, pulled posteriorly and 
exposed (as in fig. 7). In good preparations one 
can easily see a pair of sensilla on its basal mar- 
gin, showing that it is a modified sternite which 
has turned inward into the abdomen and become 
folded backward so that it comes to lie just 
above S 5. In fresh or well preserved specimens 
this saclike S 6 is visible through the body wall 
as a dark brown area. In one species of A miota 
of which there was ample material for repeated 
dissections, the sensilla of S 7 were found in a 
membranous mass between the apex of S 5 and 
the genitalia. We believe that this represents 
one way in which a sternite may become involved 
in genitalial structures 


can be 


SUMMARY AND DISCUSSION 


Judging from the examples which have been 
observed in the Drosophilidae, the steps in reduc- 
tion leading to the complete disappearance of a 
sternite would seem to be: loss of macrochaetae, 
loss of sclerotized plate, and loss of sternal sensilla 
In the process of degradation the sternite may 
become separated into a pair of bilateral pieces 
before its ultimate degeneration. Reduction ap- 
parently occurs step-wise but the sequence of 
steps has been quite varied. Thus the last re- 
maining vestige is sometimes the sclerotized 
plate, sometimes sensilla only, and sometimes 
bristles only 


Modification of a sternite leading to its in- 





1460| Wheeler: 
corporation as a copulatory structure or auxiliary 
genitalial structure would probably include: loss 
of macrochaetae, retention or reinforcement of 
sclerotization, movement from the surface into 
the inner abdomen, and, possibly, retention of 
sensilla. If a sternite should become involved in 
its entirety, as seems to be occurring in A miota 
in the case of the sixth sternite, a single, unpaired 
structure should result. If, however, the process 
includes some degree of separation into right and 
left portions, then paired or bilaterally symmetri- 
cal structures could result. Since both types of 
structures do occur in the male copulatory ap- 
paratus, it seems quite possible that both types 
of sternite modification have occurred in the 
evolution of the genital complex. 

It is interesting, although not necessarily sig- 
nificant, that parts of the inner copulatory ap- 
paratus in males of the Drosophilidae possess 
sensilla, usually sensilla trichodea. No attempts 
have ever been made to plot their distribution 
and frequency, but if it were possible to homolo- 
gize these with the typical sternal sensilla it 
would add considerably to the hypothesis that 
parts of the inner male genitalia have been de- 
rived, in part at least, from modified sternites 


JAPYGIDAE OF NORTH AMERICA, 5. 
30+1 SEGMENTS IN THE ANTENNA (ORDER DIPLURA)' 


LESLIE M. 


Sternite Modification in Drosophilidae 
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Sternal sensilla should be extremely useful in 
studying problems of sternite homology in dif- 
ferent groups of flies. The second sternite, with 
its conspicuous basal and apical pieces, forms a 
most conveneint landmark, particularly since the 
evidence that it truly represents the second 
sternite is so strong. Some preliminary studies 
of the complex of sclerites in the asymmetrical 
genitalia characteristic of some families of Diptera 
indicate that sensilla can be successfully used as 
indicators of modified sternites. Further studies 
along this line are now in progress 
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Of the six known species falling in 
anombris, -. ombris, -. newelli, and E&. 
described from California, -. macswaini from 


The genus Evalljapyx is the dominant genus of 
japygids in western North America. This genus 
was erected by Silvestri (1910). Members of the 
genus can be recognized by plumose body setae, 
apical lamina of lacinia pectinate, stvlus with two 
setae, forceps asymmetrical, sexual dimorphism 
in forceps, and no setose frontal sinuses on the 
head. The species discussed in this paper can be 
recognized by 29, 30, or 31 segments in the 
antenna. This holds true for juveniles as well as 
voung and old adults. 

The type of the genus is EF. sonoranus Silv. 1910. 
At the time of his original description Silvestri 
had available only two specimens, both female. 
In his redescription (1947) again he had only two 


Ac cepted for public ation Mav &, 1959 


and E. sonaranus Silvestri is redescribed from Arizona 


material. A key to these species is given 


females. His measurements of body length (11 
mm. in 1910 and 12 mm. in 1947) and his illus- 
trations of setae on the pleura indicate that he 
was dealing with juveniles or very young females. 
Mature specimens in my collection, from the 
tvpe locality, range from 15 to 21 mm. in length. 
Juvenile specimens have pleural setae as illus- 
trated by Silvestri. The male of EF. sonoranus is 
to date unrecorded, so a description of the male 
is included in this paper. 

For the separation of the six species discussed 
in this paper I rely, in part, on the setae at the 
dorsal apex of the femora and on the pleura. 
These setae may be atypical on one femur or on 
one pleuron of a given specimen, so several 
femora and pleura should be examined to 
establish the true number of these setae. 
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Evalljapyx anombris, new species 

FEMALE.—Head: antenna with 31 segments 
(30 segments in some specimens), trichobothria 
two-thirds as long as longest adjacent seta, four 
placoid sensillae present on ultimate segments; 
head as wide as long; labrum with five hyaline 
sensory cones at tip, medially a row of four long, 
simple setae and 13 short, scattered setae, pos- 
terolaterally 3+3 plumose setae, of which the 
most lateral very short; maxillary palpus three 
times as long as wide, with 2 long, simple setae 
and 10 shorter setae; thumb of galea with three 
large and two small projections; lacinia with 5 
pectinate branches, distal one smaller than the 
others; labium with about 28+28 simple setae of 
various sizes, protrusible labial pouches typical: 
labial palpus slightly clavate with four long and 
two short, simple setae; dorsum of head with 
about 15+15 long simple or slightly plumose 
setae and many very short setae. 

Thorax: pronotum with 7+7 M and 13+13 
m, mesonotum and metanotum prescutum 1+1 
M and 2+2 m, scutum 10+10 M and 18+18m, 
Le length 3.2 times the greatest width of pro- 
notum; dorsal apex of femur of all legs with a 
close row of two subequal plumose setae and one 
simple seta half as long as the longer plumose 
seta, tarsal claws subequal ventral seta per row 
six (in some specimens seven). 

Abdomen: tergite I prescutum 1+1 M and 
3+3 m, scutum 6+6 M and numerous m, 
sternite I with 14+14 M and a row 5+5 smaller 
plumose setae anterior to subcoxal organs and 
within the limits of the styli; lateral subcoxal 
organs extending from near the styli almost to 
meet in the mid-line, with one posterior row of 
18+18 plumose sensory setae and six to eight 
staggered rows of minute glandular setae anterior 
to sensory setae; median subcoxal organ absent; 
tergite II with 10+10 M and scattered m; 
pleura II pleurite 2 M and 3 m, pleuron 2 M and 
5 m of which one posterior large; sternite II 
prescutum 6+6 M, scutum 20+20 M, styli with 
minute secondary cone, otherwise conical, sclero- 
tized, brown, opaque in distal half, hyaline in 
basal half, with two setae, the lateral three times 
as long as the mesad; tergites III-VII with 12+12 
M; tergite VII with lateral margins rounded, 
slightly sclerotized, posterolateral angles slightly 
projected to rear, rounded; pleura III-VI setae 
similar to II; pleura VII pleurite with 1 M and 
1 m, pleuron elongate, but not projected to rear, 
somewhat sclerotized, setae 2 M+5 m of which 
posterior large; sternites III-V similar to II; 
sternite VI prescutum 5+5 M, scutum 19+19 
M;; sternite VII prescutum 4+4 M, scutum 18+ 
18 M:; dorsum of tergite VIII 4+4 M,;; sternite 
VIII 8+9 M; genital orifice oval, surrounded by 
about 50 identical simple setae, genital palpi 
absent; tergite IX 2+2 M, sternite [IX 6+6 M; 
tergite X between carinae 6+6 M of which one 
pair anteromedian, carinae distinct, slightly 
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sclerotized, ratio width to length 0.71; sternite 
X 7+7 M, acropygidium flat, inconspicuous; 
forceps, setation typical including one long and 
two short basal plumose setae, left arm one large 
premedian tooth, 2 or 3 predental tubercles and 
10 to 15 postdental tubercles, basal two-thirds 
of right arm broad, straight-edged, with crenu- 
lations, distal one-third with deep sinus, 1.e. 
sickle-shaped, at extreme base, opposite large 
tooth of left arm, three rows of tubercles, upper 
row one, middle row two, and lower row two 
straight-edge portion with about 11 crenulations, 
sickle-like portion with about seven tubercles; 
length of body including forceps 8-12 mm. 

MALE.—Similar to female except scutum of 
sternite III with large internal, eversible, setose 
sac, orifice of sac a transverse slit, equal to one- 
third the width of sternite III, several hundred 
setae in sac forming a complete lining, tip of sac 
bulbous or pear-shaped, broadly rounded, reach- 
ing posterior margin of sternite II; lateral sub- 
coxal organs with sensory setae in a 
single row, 8 to 10 staggered rows of minute 
glandular setae; sternite II prescutum 7+7 M; 
tergite VII posterolateral angles projected to the 
rear more than in female, lateral margins and 
pleuron more heavily sclerotized than in female; 
tergite X ratio width to length 0.83; ratio length 
tergite X to length of forceps 0.71; forceps similar 
to female except longer and thinner, ‘with distal 
sinus of right arm accentuated; length of body 
including forceps 8-12 mm. 

Type: Holotype 92 and paratypes in Cali- 
fornia Academy of Sciences, paratypes in USNM, 
California Insect Survey, Berkeley, and Uni- 
versity of California, Davis. 

Habitat: Type 2 and 79 and 1o& paratypes 
found under stones, Corral Hollow, near Liver- 
more, Alameda County, California, Jan. 23, 1958, 
by L. M. Smith, 51 paratype males and females, 
same place, March 10, 1958, by L. M. Smith 
and R. O. Schuster. I have examined collections 
of this species by various collectors in Stanislaus, 
San Joaquin, and Contra Costa Counties, Cali- 
fornia. This species has been found only in open 
grassland in semi-arid regions of low annual 
rainfall and no summer rain, 1. e., the eastern 
foothills of the Coast Range Mountains. Speci- 
mens have been found only in the spring and 
always under stones. During the summer and 
fall the soil dries to a depth of several feet 
Attempts to find this species during the dry 
period were unsuccessful and it may be presumed 
that they went down in the soil to considerable 
depths to avoid death by dessication and probably 
aestivated there. 

The biology of E. anombris differs markedly 
from that of the following species (E. ombris), 
and I regard them as distinct physiological 
species, although they are morphologically prac- 
tically identical. They differ somewhat in 
number of antennal segments. Slide mounted 
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paratypes of E. anombris show the following 
number of antennal segments; males: 13 with 
31, 1 with 30, 1 with 29; females: 27 specimens 
with 31 segments, 2 with 30, none with 29. No 
juveniles of this species have been collected. 


Evalljapyx ombris, new species 

FEMALE.—Similar to E. anombris except an- 
tenna with 30 segments (some with 29), abdominal 
tergite II with 11+12 M; pleura II-VI pleurite 
2 M and 2 m (frequently pleurite 3 M and 1 m); 
sternite VI prescutum 6+7 M, scutum 20+20 
M; sternite VIII 11+11 M; tergite X usually 
5+5 M with anteromedian pair absent; sternite 
X 10+10 M (variable, 8 to 16); length of body 
including forceps 8 to 18 mm. 

MALE.—Similar to E. anombris except antenna 
with 30 segments (some with 29), four placoid 
sensillae on ultimate segment; abdominal tergite 
II with 13+13 M; pleura II-VI pleurite 2 M 
and 2 m; sternite VI prescutum 6+7 M, scutum 
26+26 M; sternite VIII 13+13 M, tergite X 
4+4 M, anteromedian pair absent, male setose 
sac shallow, acutely pointed, few setae in tip, 
reaching only to middle of prescutum III; length 
of body including forceps 8 to 18 mm. 

Type 9 and paratypes in California Academy 
of Sciences, paratypes in USNM, California 
Insect Survey, Berkeley, and University of 
California, Davis. 

Habitat: Type 9°, 4 paratype males, and one 
juvenile, 6 miles southeast of Half Moon Bay, 
San Mateo County, California, June 1, 1957, by 
R. O. Schuster in redwood and fern litter; 2 
females, 3 males, and 5 juveniles, same place 
Dec. 5, 1953 by V. D. Roth; 5 females, 6 males, 
and 14 juveniles same place, July 21, 1957, by 
R. O. Schuster; one male same place, May 4, 
1958, by W. H. Lange. 

I have examined series of specimens collected 
at various places in San Mateo, Santa Cruz, and 
Monterey Counties by D. W. Price, W. H. Lange, 
G. A. Marsh, D. Burdick, M. Wasbauer, J. 
Helfer, V. D. Roth, and C. D. MacNeill. The 
species is variable in the ratio of width to length 
of abdominal segment X. Southward from Half 
Moon Bay the anteromedian pair of setae of 
tergite X are consistently absent and the second 
pair of lateral setae of tergite X tend to disappear 
and are consistently lacking in a series of four 
females and two males from Point Cypress, 
Monterey County. 
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This species has been taken only in damp 
humus in heavily forested areas, particularly red- 
wood forests. It has been found along the coastal 
or western side of the Coast Range Mountains, 
which is a relatively high rainfall area. Adults 
and juveniles have been taken at various times 
throughout the annual cycle, but never under 
stones. The biology and habitat of this species 
differs so markedly from that of E. anombris 
that I regard it as a distinct species although it is 
difficult to distinguish anatomically. The num- 
ber of antennal segments of slide mounted 
specimens in my collection is for females: 6 with 
29 segments, 19 with 30, 0 with 31; males 3 with 
29, 19 with 30, O with 31; juveniles 17, all with 
30 segments. 


Evalljapyx newelli, new species 

FEMALE.—Similar to E. anombris except an- 
tenna with 29 segments; labial palpus slightly 
tapered toward tip, with two long and four 
short setae. Thorax: pronotum6+6 M and&8+8 
m:; sternite I 16+16 M and a row of 8+9 smaller 
plumose setae anterior to subcoxal organs and 
within the limits of the styli; lateral subcoxal 
organs with a single row of sensory setae 23+25 
and about eight rows of minute, glandular setae; 
sternite II scutum 18+18 M; sternite VI prescu- 
tum 6+6 M; sternite VII 17+17 M; sternite 
VIII 10+10 M; sternite [IX 4+4 M; tergite X 
with anterior median pair of setae well-developed; 
forceps with one long basal seta plumose, rest 
simple, right arm with slightly curved inner 
margin, no distinct sinus; length of body includ- 
ing forceps 7 to 11 mm. 

MALE.—Similar to female, above, except sub- 
coxal organs with 28+:30 sensory setae; sternite 
II scutum with 21+22 M; sternite VII prescutum 
7+7 M; lateral margins tergite VII and pleura 
VII more heavily sclerotized; sternite IX 3+3 
M;; tergite X with anteromedian pair of setae well 
developed in all specimens except the one from 
Strawberry Creek; male setose sac twice as long 
as wide at the orifice, extending to the middle of 
scutum of sternite II, rounded at tip; setae dense 
around orifice, medium dense throughout rest of 
sac; forceps longer and more slender than in 
female. Length of body including forceps 7 to 
10 mm. 

Type 2 and paratypes in California Academy 
of Sciences, paratypes in U.S.N.M., California 


EXPLANATION OF PLATE 


Fic. 7.—Junction of tibia and femur of E. sonoranus Silv., showing close row of four plumose setae and one 


simple seta at the dorsal apex of the femur. FIG. 8. 


E. macswaint. 


Fics. 10-12.—Dorsal view of abdominal pleura V. 


12.—E. sonoranus. 


Tip of femur of E. anombris. 


Fic. 10. 


Fic. 9.—Tip of femur of 


E. anombris Fic. 11.—E. macswaini. Fic 


Fics. 13-18.—Ventral view of invaginated, internal, setose sac of male (setae omitted), showing relation 


of tip of sac to posterior margin of sternite IT. 
sonoranus. FiG. 16.—E. anombris. FiG. 17.—E 


Fic. 
ombris 


adonis Fic. 15 E 


13.—E. newelli. Fic. 14.—E 


Fic. 18.—E. macswaini 
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Insect Survey, Berkeley, and University of 
California, Davis. 

Habitat: Type 2, 7 paratype females, and 9 
paratype males, Mount San Jacinto, Riverside 
County, California, April 20, 1958, by I. M. 
Newell in Artemesia litter. One paratype male 
Strawberry Creek, Mount San Jacinto, elevation 
3000 feet, April 21, 1957, by I. M. Newell in 


willow litter. 


Evalljapyx macswaini, new species 


FEMALE.—Similar to E. anombris except an- 
tenna with 29 segments, five placoid sensillae on 
ultimate segment; thorax: pronotum with 8+8 
M of which the two anterolateral on each side 
very close together; metanotum prescutum 1+2 
M; mesonotum scutum 12+12 M; metanotum 
scutum 12+12 M; dorsal apex of femur of each 
leg with a close row of three subequal plumose 
setae and one simple seta two-thirds as long as 
longest plumose seta; tarsus ventral setae per 
row five; abdomen tergite I prescutum 1+2 M, 
scutum 7+7 M; sternite I 24+24 M and a row 
of 7+8 smaller plumose setae anterior to subcoxal 
organs and within the limits of the styli; subcoxal 
organs with a single row of 23+23 plumose sen- 
sory setae and four staggered rows of shorter 
glandular setae; tergite II 15+15 M; pleura I] 
pleurite three plumose setae with one shorter 
and 2 m, pleuron three plumose setae with middle 
one short and 5 m with posterior one large; 
sternite II scutum 25+25 M; tergites III-VII 
15+15 M; tergite VII with lateral margins 
rounded but not sclerotized, posterolateral angles 
not projected to rear; pleura III-V similar to 
II; pleura VI pleurite 2 M and 2 m, pleuron 
4 M and 4m; pleura VII pleurite 1 M and 1 m, 
pleuron elongate but not sclerotized, 3 M and 5 
m; sternites III-VI prescuta 6+6 M, scuta 23423 
M; sternite VII prescutum 5+5 M, scutum 
21+21 M; dorsum of tergite VIII 9+9 M; 
sternite VIII 10+11 M; sternite X 8+8 M; 
forceps left arm with one large premedian tooth, 
two large predental tubercles and about 10 
small postdental tubercles, right arm with 
triserrate denticles opposing the large tooth of 
the left arm, one over two over one, median edge 
slightly convex with five denticles followed by a 
prominence topped with two denticles, distal 
sinus shallow with about five small denticles; 
length of body including forceps 9 to 12 mm. 

MALe.—Similar to female except subcoxal 
organs with 25+25 sensory setae and seven 
staggered rows of minute, glandular setae, setose 
sac almost as broad as orifice, reaching to middle 
of prescutum III, setae moderately dense but 
absent in extreme tip of sac; forceps more slender 
than in female, prominence on right arm topped 
by a single large denticle; length of body including 
forceps 10 to 12 mm. 

Type: Holotype 9 and paratypes in Cali- 
fornia Academy of Sciences, paratypes in USNM 
and University of California, Davis 
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Habitat: Type 9°, four paratype females, and 
three paratype males, Kyle Canyon, Charleston 
Mountains, Nevada, April 2, 1953, J. W. 
MacSwain. Gut contents of one specimen in- 
cludes insect parts, possibly Anaphothrips sp. 

I take pleasure in naming this species for Dr. 
John W. MacSwain, who collected it. 

This species is distinguished from other species 
in this group by 29 segments in the antenna, shape 
and dentition of the forceps, three plumose setae 
plus one simple seta at the apex of each femur, 
S+S8 plumose setae on pronotum, and other 
characters. 


Evalljapyx adonis, new species 

FEMALE.—Similar to E. anombris except an- 
tenna 31 segments, distal pectinate branch of 
lacinia as long as other branches, labial palpus 
slightly tapered toward tip; mesonotum scutum 
13+13 M; metanotum scutum 10+10 M:; ab- 
dominal tergite I prescutum 1+1 M_ scutum 
5+5 M; sternite I '9+19 M and a row of 9+10 
smaller plumose setae anterior to subcoxal organs 
and within limits of the stvyli, lateral subcoxal 
organs with a single row 24+24 sensory setae 
and seven staggered rows of glandular setae with 
a bare (bald) streak between the fourth and 
fifth rows; tergite II 12+12 M; pleura II pleurite 
3 M, pleuron 2 M; sternite II prescutum 7+8 
M, scutum 25+25 M; lateral margins tergite 
VII rounded, moderately sclerotized, postero- 
lateral corners slightly projected to rear; pleura 
III-VI pleurite 2 M, pleuron 2 M; pleura VII 
pleurite 1 M pleuron 2 M, elongate but not pro- 
jected to rear; sternites III-VI prescutum 7+8 
M, scuta 24+24 M; sternite VII prescutum 5+6 
M, scutum 21+21 M;; sternite VIII 13+13 M; 
tergite X between carinae 4+4 M, anteromedian 
pair absent; sternite X 9+9 M;; forceps as illus- 
trated; length of body including forceps 14 mm 

MALE.—Similar to female except mesonotum 
11+11 M; abdominal tergite I scutum 6+6 M; 
abdominal sternite I 17+17 M, lateral subcoxal 
organs with a single row of 28+28 sensory setae 
and 14 staggered rows of glandular setae with a 
bald streak between the eighth and ninth rows; 
pleura II and III pleurite 2 M, pleuron 2 M; 
pleura IV-VI pleurite 2 M, pleuron 3 M with 
middle one smaller than the others; pleura VII 
pleurite | M, pleuron 2 M;; tergite VII lateral 
margins convex, heavily sclerotized, postero- 
lateral angles strongly projected to rear; pleura 
VII heavily sclerotized posteriorly but not pro- 
jected to rear; sternite VIII 10+10 M; setose sac 
in III very large, spade-shaped, almost reaching 
to middle of scutum of sternite II, setae sparse in 
tip; forceps as illustrated. 

Types: Holotype 9 and paratype o& in Cali- 
fornia Academy of Sciences. 

Habitat: Type 2 and paratype o& 10 miles 
east of Cottonwood Creek Bridge, Kern River, 
Kern Co., California, March 31, 1959, F. C 
Raney 





1960} Smith: 


Evalljapyx sonoranus Silv. emend L. M. Smith 

MALE.—Similar to E. anombris except antenna 
with 30 segments (in some 29 or 31), distal lamina 
of lacinia subequal to others, labium with about 
35+35 simple setae of various sizes; pronotum 
with 10+10 M; mesonotum prescutum 1+1 M, 
scutum 24+24 M; metanotum prescutum 2+2 
M, scutum 21+21 M, setae at dorsal apex of 
femur, anterior to posterior four plumose, one 
simple (in some followed by one plumose), 
anterior seta longest, grading down to fourth, 
shortest, simple seta as long as the third; ab- 
dominal tergite I prescutum 3+3 M, scutum 
11+11 M; sternite I 34+34 M and an irregular 
row of 12+14 smaller plumose setae anterior to 
subcoxal organs and within the limits of the styli, 
lateral subcoxal organs with a single row of 26+26 
sensory setae and 12 staggered rows of sensory 
setae, styli with two to four basal pores; tergites 
II-VI with about 20+20 M; pleura I pleurite 
1 m, pleuron 1 M and 8 m; pleura II pleurite 5 
M and 2 large m, pleuron 5 M and | large pos- 
terior m; pleura III-VI as in II; pleura VII 
pleurite 1 M, pleuron 3 M; sternites II-VI 
prescuta 13+13 M, scuta about 40+40 M; 
sternite VII prescutum 10+10 M, scutum about 
30+30 M;; lateral margins of tergite VII convex, 
sclerotized, very slightly projected to rear; pleura 
VII elongate, sclerotized, not projected to rear; 
tergite VIII 15+15 M;; sternite VIII prescutum 
10+10 M, scutum 32+32 M; tergite IX 5+5 
M; sternite X 17+17 M; tergite X between 
carinae 8+8 M, anteromedian pair reduced, or 
lost, or represented by pores; sternite X 11+11 
M; acropygidium rounded, prominent; forceps 
as illustrated; setose sac in III large, globular 
extending slightly into II, setae in distal portion 
sparse, not extending to tip of sac. 

FEMALE.—Similar to male but lacking setose 
sac in ITI. 

Described from two males collected with one 
female, Mt. Lemon, Arizona, Feb. 6, 1957, in 
pine humus by V. Roth. This is the area from 
which Silvestri (1947) redescribed this species. 

Habitat: I have the following specimens in my 
collection, in addition to the three mentioned 
above, 72 and 1o’, Santa Catalina Mountains, 
Ariz., April 12, 1936, Bryant; 1o7, Superior, 
Ariz., March 3, 1958, R. R. Crosby; 19 and 2 
juveniles, 2 miles above Southwestern Research 
Station, Portal, Arizona, July 30, 1957, I. M. 
Newell; 3o7, 29, and 1 juvenile, Rustlers Park, 
Chiracahua Mountains, 8000 ft. elevation, in 
damp humus, Aug. 5, 1958, L. M. Smith and 
R. O. Schuster; 29 and 2 juveniles, Chiracahua 
National Monument, Arizona., Aug. 8, 1958, in 
humus, L. M. Smith and R. O. Schuster; 2¢7 
and 39 Superior, Arizona, Feb. 15, 1934, Bryant; 
lo and 29, 9 miles west of Superior, Arizona, 
Aug. 8, 1958, in humus, elevation 5000 ft., by 
L. M. Smith and R. O. Schuster; and 125 0’, 9, 
and juveniles, Southwestern Research Station, 
Chiracahua Mountains, Arizona, Aug. 5-8, 1958, 
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L. M. Smith and R. O. Schuster, found mostly 
under stones in shaded areas. 

There are three regions represented by these 
collections, separated from one another by 100 
miles or more of desert. While the specimens 
collected in these three areas are anatomically 
similar, there is a considerable size difference. 
In the Santa Catalina Mountains, which include 
Mt. Lemon and Silvestri’s (1910) Tucson area, 
larger females and males 15 to 17 mm., while one 
female from Mt. Lemmon measures 21 mm. In 
the vicinity of Superior, larger specimens 11 to 
13 mm.; and in the Chiracahua Mountains 9 to 
11 mm., with one male 14 mm. Although body 


length is almost sufficient to identify these three 
geographically isolated populations, I prefer to 
consider these populations as a single species, 
pending further studies of larger series. 


KEY FOR THE IDENTIFICATION OF SPECIES 
1. Setae at apex of femur: two plumose and one sim- 
ple; pleura VII sclerotized and projected slightly 
to rear (except E. adonis\not projected to rear); 
right arm of forceps with or without distinct dis- 
tal sinus; anteromedian pair of setae on X present 
or absent... i 
Setae at apex of femur: three or fouf plumose and 
one simple; pleura VII Slightly or not at all 
sclerotized, not projected ‘to rear; right arm of 
forceps without distinct distal sinus; anteromedian 
pair of setae on X present 5 
Right arm of forceps without distal sinus; antenna 
with 29 segments : E. newelli 
Right arm of forceps with distal sinus; antenna with 
30 or 31 segments 3 
Right arm of forceps with a small basal sinus in 
addition to distal sinus; setae on X between 
carinae 3+3 M with anteromedian pair absent; 
posterior lateral angles of tergite VII distinctly 
projected to the rear; male setose sac spade- 
shaped, antennae with 31 segments; scutum 
sternite II about 25+25 M E. adonis 
Right arm of forceps without basal sinus; setae on 
X between carinae 5+5 M with anteromedian 
pair usually present; posterolateral angles of ter- 
gite VII very slightly projected to rear; male 
setose sac ovoid or pyramidal, antenna with 
30 or 31 segments, scutum of sternite II about 
20+20 M 4 
Antenna with 31 segments; anteromedian pair of 
setae on X present; found in arid climate 
E. anombris 
Antenna with 30 segments; anteromedian pair of 
setae on X usually absent; found in wet climate 
E. ombris 
Setae at dorsal apex of femur 3 M+1 m; antenna 
with 29 segments; scutum of sternite II about 
23+23 M; scutum mesonotum 12+12 M; pleura: 
pleurite 2 M+2 m, pleuron 3 M+6 m 
E. macswaini 
Setae at dorsal apex of femur 4 M (some 5 and 6 M) 
+ 1m; antenna with 30 segments; scutum of 
sternite II about 40+40 M; scutum mesonotum 
24+24 M; pleura: pleurite 5 M+1 m, pleuron 
5 M+8 m E. sonoranus 
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THE BIOLOGY, BEHAVIOR, AND MORPHOLOGY OF PRAON PALITANS 
MUESEBECK, AN INTERNAL PARASITE OF THE SPOTTED ALFALFA 
APHID, THERIOAPHIS MACULATA (BUCKTON) (HYMENOPTERA: 
BRACONIDAE, APHIDIINAE)' 


EVERT I. 


SCHLINGER anp JACK C. HALL? 


University of California Citrus Experiment Station, Riverside 


ABSTRACT 


The adult, egg, and larval stages of P. palitans are 
described, and the adult, male genitalia, ovaries (and 
associated structures), egg, first-, second-, and third- 
instar larvae and head structures are illustrated. Un- 
mated females of P. palitans produce only males, mated 
females produce progeny in a sex ratio of 1:1, but multi- 
mated males supply so little sperm at each mating that 
the sex ratio may go as high as 58:1 in favor of males. 
The parasite oviposits in aphids of any stage, but ap- 
parently prefers the third and fourth instars. Longevity 
of adult female parasites at constant temperatures, with 
honey for food, was 10 days at 28° F., 48 days at 50° F., 
and 1 day at 80°, 90°, and 100° F. Longevity of adult 
males, with honey, was 7 days at 28° F., 56 days at 50° 
F., and 1 day at 80°, 90°, and 100° F. Longevity was 
greatly reduced when honey was withheld. Super- 
parasitism occurs only rarely, since the female is ap- 
parently able to detect a stung host. Discrimination of 
a parasitized host is apparently due to some chemical 
response by the parasite’s antennae rather than to any 
tarsal or ovipositional response. The egg in the host 
increases volumetrically by 634 times during its 69 to 71 
hours of development. The first-instar larval stage 
lasts about 25 to 27 hours, with the larva feeding almost 
exclusively on the cells of the trophamnion. The second- 
instar larval stage lasts about 22 to 24 hours, with the 
larva feeding as in the first instar. The third-instar 


The spotted alfalfa aphid, Therioaphis maculata 
(Buckton), and its known parasites are native 
to the countries of the Middle East, as reported 
by Dickson et al. (1955) and van den Bosch 
(1957). In 1955, a vear after this aphid was first 
found in the United States, parasites of the 
spotted alfalfa aphid were located in the Middle 
East and shipped to the Department of Biological 
Control of the University of California for propa- 
gation in the insectaries (van den Bosch 1956, 
1957). The subsequent colonization and estab- 
lishment of these parasites have been reported by 
van den Bosch et al. (1957 and 1959b), along with 
a preliminary evaluation of the effectiveness of 
these parasites (van den Bosch et al., 1959a) 
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larval stage in its internal phase lasts about 18 to 20 
hours, and during this period all aphid contents are con- 
sumed, the parasitized aphid living until a few minutes 
before the parasite larva emerges. The third-instar 
larval stage in its external phase lasts about 24 to 26 
hours, and during this period the characteristic cocoon 
is spun underneath the dead aphid host. The five steps 
of cocoon formation are given, together with comments 
on the four forms of diapause and nondiapause cocoons 
The pupal period lasts about 94 to 98 hours, and some 
15 or more meconial pellets are passed about 12 to 19 
hours before pupation. A complete life cycle at 70° F 
requires about 285 hours, or nearly 12 days. There are 
probably 15 generations a year in the field. Aphid de 
fenses against parasitization include the production of a 
copious supply of honeydew, which often traps or hinders 
the parasite, and the aphid’s habit of jumping out of 
reach of the parasite. The parasite partly overcomes 
the aphid’s saltatorial habit by placing its front legs on 
top of the aphid during parasite oviposition. A faculta- 
tive diapause exists and lasts for about 140 days in the 
field during the winter months; the effect of this diapause 
on the subsequent parasitization of the aphid is noted; 
various factors which may limit the effectiveness of 
Praon palitans are discussed, and the present distribution, 
hosts, and hyperparasites of P. palitans are noted 


Davis et al. (1957) gave a complete picture of the 
controlling factors utilized in California to sup- 
press the spotted alfalfa aphid. 

Soon after the parasites were imported, 


bio- 
logical investigations were undertaken on the two 
braconid species, Praon palitans Muesebeck and 


Trioxys utilis Muesebeck (1956). The third im- 
ported species, a eulophid determined as A phelinus 
semiflavus Howard, is reportedly the same as our 
native species by that name. Limited biological 
data obtained both in the laboratory and in the 
field offer reasonable doubt as to their conspeci- 
ficity, as noted by Schlinger and Hall (1959) 
Detailed biological studies of T. utilis and limited 
studies of .1. semiflavus, as well as a discussion of 
diapause in P. palitans, have been planned by the 
authors for future publications 


HISTORY 
Relatively few articles have been published 
with reference to the biology of Praon species, and 
few of those have dealt with more than one 
particular phase of development. 
Timberlake (1910) was apparently the first to 
describe the larval stages of a Praon, using P 
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1960) Schlinger and Hall: 
simulans (Provancher). He indicated three larval 
stages, discussed the fate of supernumerary larvae, 
noted that the tail of the first-instar larva prob- 
ably served a respiratorv function, and _ listed 
three species of three genera as hyperparasites. 

Ainslie (1917) was the first to discuss the dis- 
tinct cocoon formation of a Praon species, and to 
note the differences between Praon and other 
aphid parasite genera. 

Wheeler (1923) gave a general review of 
aphidiine larval stages, but in regard to Praon 
dealt only with the cocoon formation of P 
simulans. 

Spencer (1926) likewise reviewed aphidiine 
development, using Praon simulans, but, actually, 
little of his paper concerned Praon species. 

Beirne (1942a), using the European species 
Praon volucre Haliday, has given the most com- 
plete biology of a Praon species. He discussed 
and figured the developmental stages, gave certain 
data concerning the parasite’s life history, and 
concluded that P. volucre had five larval instars. 

Sekhar (1957) gave an account of the mating, 
oviposition, and host discrimination of Praon 
aguti Smith. This was the first work of its kind 
for the genus Praon. 

Schlinger and Hall (1959) described the salient 
biological features of the three imported 
parasites of the spotted alfalfa aphid 
(including Praon palitans) and also discussed 
for the first time the condition of diapause 
in aphidiine wasps. Except in that article, no 
significant biological data seem to be available 
for P. palitans. For this reason it is hoped that 
the following account will be useful in explaining 
some of the biological phenomena involved with 
P. palitans and aphidiine wasps in general 


MATERIALS AND METHODS 


The parasites and parasite-free aphids used in 
these experiments were reared in the insectary 
and greenhouse maintained at nearly constant 
temperature (70° F.) and favorable humidity 


(50°-60%). The aphids were reared on alfalfa 
plants growing in. l-gallon cans containing 
vermiculite. These plants were fed with Hoag- 
land’s nutrient solution. 

Study of the internal phases of the parasite’s 
development was accomplished by dissecting 
aphids, which were parasitized at a known time, 
at approximately 2-hour intervals. Many gen- 
erations were observed in this manner. The sting 
unit consisted of a small glass dish (stender dish) 
covered with a watch glass. A_ single female 
parasite was placed in the unit tegether with 25 
to 30 parasite-free aphids, and as each aphid was 
stung, the exact time of oviposition and the 
positions and numbers of ovipositional strikes 
were recorded. The parasitized aphid was then 
removed and placed on an alfalfa leaflet which 
had previously been inserted into a small vial 
containing nutrient solution. A No. 3. gelatin 
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capsule was moistened and placed over the aphid, 
thus confining it to the leaflet. The vial was 
covered with a petri dish to prevent excessive 
evaporation, and nutrient solution and alfalfa 
leaflets were changed as necessary. 

The developmental phases of emerged larvae 
were studied by removing the dead aphid from 
the leaflet as soon as cocoon formation started. 
The aphid was placed on a glass microscope slide, 
and the larva was permitted to continue spinning 
the cocoon. Observations of the larva within 
the cocoon could be made by simply turning the 
slide over. The data relating to the age of the 
aphids, area of oviposition, growth of parasite, 
and number of dissections are presented in table 3. 

To permit observation of young, living larval 
stages, dissections of carbon dioxide-treated 
aphids were made in De Fruze-Ringer’s saline 
solution. After study the larvae were fixed in 
Kahle’s solution for 24 hours and preserved in 
70% alcohol for subsequent use. Living parasit- 
ized aphids were also dissected in lacto-phenol 
and the parasite larvae so obtained were mounted 
in this medium on glass slides for the purpose of 
drawing. Use of this method minimized the 
possibility of larval shrinkage. 

Preserved parasite larvae were cleared for 
study by boiling for 1 to 2 minutes in 10% KOH. 
Each larval skin was then placed on a slide, and 
excess KOH was wiped away with a cotton swab. 
A drop or two of each reagent used for mounting 
was applied to the larval skin in the following 
sequence: glacial acetic acid, acid fuchsin stain 
(excess stain wiped away), absolute alcohol, and 
the mounting media (balsam). 

During our study of the last-instar larva inside 
the cocoon, we observed that the cocoon often 
became opaque on the underside owing to excess 
webbing by the larva. To facilitate observation 
of the larva, the top of the cocoon was partially 
dissolved by applying a drop of commercial 
household bleach (Purex). 

In order to examine the ovaries, living wasps 
were dissected in 3% chloral hydrate solution. 
The ovaries were stained with 2% aniline blue 
for 30 seconds and then treated with 70% alcohol. 
This treatment gave clear egg count measure- 
ments and excellent detail for drawings. All 
drawings were prepared by the junior author with 
the aid of a camera lucida 


DESCRIPTION OF Praon palitans MUESEBECK 
(Figures 1-8) 

ADULT (fig. 8).—-This species was first described 
by Muesebeck (1956). The description was based 
on several specimens reared from Therioaphis 
maculata (Buckton) [as Pterocallidium sp.| in 
Italy, Israel, and Yugoslavia by R. van den 
Bosch, and from Therioaphis trifolii (Monell) in 
France by H. L. Parker. Live specimens from 
these localities were subsequently sent to the 
Department of Biological Control at Riverside 
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Table 1.—Egg counts for 5-day-old mated females of Praon palitans without available hosts. 


Fully developed 


Undeveloped eggs 
eggs in oviduct i 


in ovarioles 


Specimen 


Right Right 


35 ’ 24 
44 . 19 
13 : 32 
17 50) 
60 37 


for study. The type locality is Ostia, Italy, and 
the type (No. 62984) is in the U. S. National 
Museum. It was stated to be more closely re- 
lated to the North American Praon simulans than 
to any known Old World species. The chief 
distinguishing characters of P. palitans are the 17 

(16- to 18-) segmented antenna of the female, 
1S— to 19-segmented antenna of the male, absence 
of the recurrent vein, short malar space, and 
small body length (1.7 mm.). The head is mostly 
black; the face, clypeus, mandibles, legs, and 
first two tergites are yellow. The rest of the 
abdomen is black, or more often brown and black 
in the female. The male is often much darker 
than the female, the face being entirely black and 
the legs more or less infuscated. 

Male Genitalia (fig. 7)._-The small genitalia 
consist of the following parts: a short, broad 
aedeagus which is serrated apically, and a pair of 
short, diverging basal apodemes; a somewhat 
chitinized lamina parameralis which has short, 
stiff setae along the posterior and lateral margins; 
a large basal ring and an indistinct lamina 
volsellaris (terminology after Snodgrass 1941) to 
which the long and heavily chitinized volsellaris 
is weakly attached. 

Ovaries (fig. 6).—Each of the two ovaries con- 
tains two ovarioles bound together by a thin 
membrane. The anterior end of the combined 
ovarioles is slightly enlarged and is held in place 
by connective tissue. The long slender portion 
of the ovariole is entwined in the fatty tissue but 
does not wrap around the gut. The ovarioles at 
their posterior ends widen somewhat just before 
entering the oviduct. The line of demarcation 
between an oviduct and its ovarioles is indistinct 
except where the apices of the two ovarioles join 
to form a common ovariole. The oviducts are 
enlarged and together with the extreme base of 
the ovarioles serve to hold the fully developed 
eggs. The two ovarian oviducts join to form a 
median or common oviduct. Leading to the ovi- 
positor through openings in this common oviduct 
are the following structures: an alkaline gland, a 
small ‘‘poison”’ gland, and the spermatheca with 
its attached glands. The lumen of the ovipositor 


Total eggs 


Per 
female 


Left 
side 


Right 


side Developed | Undeveloped 


118 
122 
150 
193 
194 


59 59 : 46 
63 ; 35 
75 f S: 65 
97 Of 97 
97 2 70 


is much smaller than the egg, but this does not 
hinder oviposition. 

The number of eggs stored in each oviduct was 
found to vary somewhat between individuals but 
very little between oviducts of the same female. 
Table 1 shows that egg counts in 5-day-old mated 
female parasites which were not allowed to ovi- 
posit ranged from 118 to 194. The highest 
number of fully developed eggs contained in both 
oviducts of one individual was 124; the lowest 
number was 72. The highest number of unde- 
veloped eggs contained in all four ovarioles of one 
individual was 97; the lowest number was 35. 
The average number of fully developed eggs per fe- 
male was 93, and of undeveloped eggs was 62. The 
average total number of eggs per female was 155 

The number of eggs present in the reproductive 
system of a newly emerged female apparently 
measures the total reproductive capacity of that 
female, since further maturation of eggs does not 
take place even though the number of eggs in the 
oviducts is greatly depleted after continual ovi- 
position. Females that were allowed to oviposit 
freely for 24 hours were dissected and found to 
contain from 10 to 20 developed eggs in the ovi- 
ducts and no eggs in the ovarioles. The germarial 
ends of the ovarioles had started to deteriorate. 
The fact that germarial deterioration is prevented 
by the lack of oviposition was shown by an experi- 
ment in which five females, kept free from hosts 
until their death, showed by dissection that full 
complements of both developed and undeveloped 
eggs were present and that no tissue breakdown 
had occurred 

Ecce (fig. 1).—-The fully matured ovarian egg is 
elongated, with both ends equally rounded, so 
that immediately after ovulation it is not easy to 
distinguish the caudal end from the head end. 
The egg is slightly curved and much wider in the 
median portion. It is translucent and consists 
mostly of granular bodies. The average lengtn of 
the fully matured ovarian egg (based on measure- 
ments of 10 eggs) was 0.069 mm., and the average 
width was 0.021 mm. The range in length was 
from 0.064 mm. to 0.075 mm., and in width 
from 0.016 mm. to 0.027 mm 
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The egg begins to increase rapidly in size soon 
after its deposition within the host, so that just 
prior to eclosion the egg measures approximately 
0.316 mm. in length and 0.245 mm. in width. 
The volume of the fully developed egg in the 
host is approximately 634 times that of the ripe 
ovarian egg. The egg changes very little in 
shape during incubation within the aphid. The 
slight increase in the ratio of length to width 
shown in the above measurements is due to the 
elongation of the embryo and its trophic membrane. 

After 24 hours the embryo is clearly visible, 
resting on one side of the egg. At this time 
segmentation is vaguely apparent; the cells of 
the trophamnion (serosa of authors) have started 
to expand and can be seen easily. Segmentation 
is obvious about 48 hours after deposition. At 
this time the head is most clearly differentiat- 
ed, being very much like its ultimate shape. 
At this point no differentiation of the in- 
ternal granular mass of the embryo is not- 
ed, but the cells of the trophamnion continue 
to increase in size and number. Although com- 
plete eclosion was never observed, first-instar 
larvae were twice found extruded halfway out of 
their eggs. In both cases only one end of the egg 
was opened. It is believed that the breaking of 
the chorion was accomplished with the mandibles 
and not by the growth and activity pressure of 
the larva. This supposition is based on the 


shape of the mandibles and their mode of action. 


At the time of eclosion the trophamnion cells 
increase rapidly in number and proliferate into 
the body fluids of the host as soon as the chorion 
is ruptured. A number of these cells remain to 
surround the larva for several minutes after it has 
emerged from the egg. The trophamnion cells 
continue to grow by absorbing the body fluids of 
the host. Soon after the parasite larva emerges 
from the egg the adipose tissue of the aphid 
changes, loses its characteristic composition, and 
becomes a mass of small globular particles 
LARVAL STAGES.—As few as three and as many 
as five larval instars have been shown to occur in 
the Aphidiinae (Beirne 1942a, b; Vevai 1942; 
Wheeler 1923; Timberlake 1910; Ullvett 1938; 
and Spencer 1926). Beirne (1942a) described 
and figured five larval instars of Praon volucre 
and (1942b) compared these with the five instars 
of A phidius ulmi Marshall, A. matricariae Hali- 
day, and Trioxys centaureae Haliday. We are 
of the opinion that there are three instars in the 
Aphidiinae and that if another instar does occur, 
it is very short in duration and occupies a place 
between the nonmandibulate second and the 
mandibulate third instars, or before the so-called 


calculated on the basis of the 


x B2A 


3Egg volume was 


ellipsoid revolution (V= ), in which B equals the 


diameter of the egg and A the length. In order to arrive 
at’a volume increase of 634 the ovarian egg was given a 
volume _of 1 
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mandibulate, setate first instar. There appears 
to be little if any difference between Beirne’s 
(1942a) fourth and fifth larval instars other than 
a slight darkening of the pigmentation in the 
facial scleromes. It seems that the differences 
expressed by Beirne, Wheeler, and Spencer (loc. 
cit.) between the larval instars are in reality the 
results of natural growth of the larva. An early 
third-instar larva is not nearly so enlarged as a 
late third-instar larva. 

As far as could be ascertained in our work on 
Praon palitans, there are no molts between the 
internal third instar and the external third 
instar. The facial rods and mandibles of a late 
third instar are, however, more heavily pig- 
mented than those of an early third instar. The 
reduction in the size of the head and caudal seg- 
ments, as shown in Beirne (1942a, figs. 5-7), 
could be attributed to the growth of the abdom- 
inal segments and a general swelling of the body. 

In his illustration of the second-instar larva 
Beirne (1942a, fig. 11), showed a lightly sclerotized 
pair of mandibles. It is possible that he may 
have been observing the formation of the third- 
instar mandibles through the integument of the 
late second-instar larva, as observed in our work 
on both Praon palitans and Trioxys utilis. 

The morphological development of Praon pali- 
tans proceeds from the caudate first-instar larva 
to the simple hymenopteriform second- and third- 
instar larva. The first-instar larva is readily 
identified by the presence of distinct mandibles, 
dorsolateral rows of bristles, and a tail with its 
two short, bifid-caudal processes. The second- 
instar larva has lost the strongly chitinized man- 
dibles and the dorsal bristles; the tail is consider- 
ably reduced in size, and the two bifid-caudal 
processes are absent. The third-instar larva has 
well-developed mandibles and_ spiracles, no 
bristles, and no caudal processes. 

First Instar (fig. 2).—The first-instar larva is 
easily recognized by the caudate terminal ab- 
dominal segment and the posteriorly directed 
rows of bristles on the third and following body 
segments. 

The larva has a head and 13 segments and is 
slightly tapered from the middle to its apex. 
The terminal abdominal segment is caudate, with 
two basal, ventrally directed processes. Each 
process is tipped with minute spiculae; the apex 
of the ‘tail’? has heavy spiculae, and the lateral 
margins have smaller ones arranged in rows. 
The last thoracic segment and abdominal seg- 
ments, 1 to 8 each, have a row of dorsolateral, 
posteriorly directed spines. Each row terminates 
at approximately the ventrolateral surface, except 
that on the thoracic segment, which extends only 
to the sublateral surface. The head is as long as 
the first two thoracic segments. The mouth 
parts consist of two simple mandibles and four 
fleshy lobes (labium, labrum, and maxillae) 
The mouth opening is ventral, and on the medio- 





150 


ventral surface there are two small, outwardly 
directed short spines implanted on elevated bases. 

Internally, the esophagus extends as a small 
tube into the thorax, where it enters into the 
mesenteron, which ends blindly in the 11th seg- 
ment. As far as could be ascertained, the anus 
is not present at this stage, and the salivary 
glands are not discernible. 

The average length of the first-instar larva was 
0.86 mm., and the average width was 0.16 mm.; 
average length of head was 0.14 mm., and the 
average width, 0.15 mm. 

Second Instar (fig. 3).—The complete absence 
of bristles on the body, together with the ap- 
mandibles and of caudal bifid 


parent loss of 


processes, clearly separate this instar from the 


preceding. 

Segmentation of the abdomen is indistinct, 
and the head and first two thoracic segments 
are no longer separable. The terminal abdominal 
segment is somewhat caudate, but the bifid pro- 
cesses and the lateral spiculae on the “tail”’ 
have been lost. The mouth parts consist of four 
rather large fleshy lobes, and the mouth opening 
is apical. In some specimens mandibles were 
visible but were not heavily chitinized and 
were believed to be the rudimentary mandibles 
of the third-instar larva. The head is large, 
longer than wide, and devoid of any ventral 
process. The integument of the entire body is 
quite smooth. 

The average length of the second-instar larva, 
exclusive of the head, was 1.04 mm., and the 
average width was 0.22 mm. Because of the 
larva’s ability to extend or withdraw the head, 
no measurements of the head length were made 
The average width of the head was 0.16 mm. 

The mesenteron in the second instar becomes 
quite distended. In the later stages of develop- 
ment the red eve color of the embryonic aphids 
upon which the larva feeds turns the gut contents 
of the parasite to a pinkish color. Although the 
mesenteron is much more expanded in this instar 
than in the first instar, it still does not open 
externally into the anus. The salivary glands 
are visible as long tubes lying along the ventral 
surface and reaching from just below the mouth 
opening back as far as the 9th or 10th abdominal 
segment. 

Third Instar (fig. 4).—The surface of the whole 
integument is minutely papilliform, and the 
excess integument lies in folds along the lateral 
margins. The segmentation is faint, but com- 
plete and visible. The head, when extruded, is 
somewhat pointed. The mouth parts are dorsal 
and the orifice of the silk duct is ventral. The 
caudal end of the abdomen is bluntly rounded 
and consists of two small, undifferentiated lobes. 
There are small spiracles on all the body seg- 
ments except the head, the first thoracic segment, 
and the terminal abdominal segment. The 
tracheae are quite prominent throughout, and 
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the salivary gland is easily discernible. Most of 
the internal mass is obscured by the greatl\ 
swollen mesenteron. The body is sharply curved. 
with the thoracic segments and the head making 
up one side of the curve and the abdominal seg- 
ments the other side. The length of the larva 
of this stage averaged 2.21 mm. (head not fully 
extended), and the width averaged 0.82 mm. 

Detailed Structure of the Head (fig. 5).—The 
terminology used below is essentially the same 
as that used by Vance and Smith (1933). The 
head is roughly conical and consists of a fleshy 
lobe, distinct mandibles, and strongly chitinized 
scleromes. At the apex of the head is a ringlike 
labiostipital sclerome which encloses the labio- 
stipites and labial palpus. The maxillary sclerome 
articulates with the labiostipital sclerome behind 
at its anterior end. Posterolaterally, the maxil- 
lary sclerome articulates with the hypostoma 
The pleurostoma forms the articulation for the 
mandible at the dorsal genoid fossa and the 
ventral mandibular condyle. The mandibles are 
large and lie with their apices pointed in, but when 
in use their tips swing up and the bases then rest 
along the pleurostoma. Directly anterior to the 
mandibles is the preoral cavity. Laterad of the 
preoral cavity, and enclosed by the hypostomal 
and maxillary scleromes, are the maxillary palpi 
and the maxillary setae. Anterior to the latter, 
and enclosed by the labiostipital sclerome, but 
yutside of the circular area of labiostipites, are the 
labial palpi. Posterior to the mandibles is the 
labrum, and posterior to and slightly laterad of 
the labrum are the small antennae, each repre- 
sented by a small seta. The silk-duct orifice is 
ventral to the labiostipital sclerome and appears 
as a fold in the integument (fig. 4) 

The foregoing description of the head of Praon 
palitans (last-stage larva) is considerably dif- 
ferent from that given by Beirne (1942a) for P 
volucre; so different, in fact, that several of the 
differences seem important enough for elucida- 
tion at this time. The main differences are listed 
below 

Praon palitans 
Stipital sclerome absent 
Epistomal arch absent 
Labiostipital sclerome broadly open 
Labiostipital sclerome horizontal (in lateral view 
Mandibles with apices close together 
Antenna a minute seta 

Praon volucre 


Stipital sclerome present 

Epistomal arch present 

Labiostipital sclerome narrowly open 
Labiostipital sclerome vertical (in lateral view 
Mandibles with apices well separated 

Antenna represented by a large circular area 


Tie OND 


A study of Ullyett’s (1938, fig. 3) figure of the 
head of an Aphidius sp. (probably a species of 
Diaeretus rather than A phidius), shows no stipital 
sclerome or epistomal arch, and therefore re- 


sembles Praon palitans. However, the setate 
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labrum and well-separated mandibles are dis- 
tinctive features not known for Praon spp. It 
appears from these differences that P. volucre and 
P. palitans are distinct segments of the genus 
Praon which are not too closely related. This 
relationship is also indicated by some adult 
features, such as wing venation, antennal seg- 
mentation, and male genitalia. 

Cocoon.—There are two distinct types and two 
color forms of each type of cocoon constructed 
by Praon palitans (Schlinger and Hall 1959). 
One type is the normal, nondiapause cocoon, 
which is white and clear enough so that the inter- 
nal parasite is clearly visible through the ventral 
surface. A brown, nondiapause form is also pro- 
duced but occurs commonly only in the fall of 
the year. A second type is the diapause brown 
cocoon, which has several extra layers of silk 
throughout, so that the developing parasite is 
not visible through the ventral surface. A white 
form of diapause cocoon also occurs, but it is 
found only during the early period of diapause 
inducement in the fall of the vear. 

Each cocoon has an inner and an outer silk layer. 
The outer layer consists of several thicknesses of 
loosely woven silk; it is white and nearly circular 
in shape and measures approximately 2 mm. at 
its widest point. The inner layer is much more 
tightly woven and is likewise made up of several 
thicknesses of silk; it is whitish yellow and 
measures approximately 1 mm. at its widest 
point. 

The prepupa is similar to the third-instar larva 
but has a much looser integument, which lies in 
large folds along the lateral margins of the body. 
The papilliform condition of the integument is 
also much more pronounced in the prepupa than 
in the third-instar larva. 

The pupa is of the exarate type. It is at first 
quite soft and fleshy, and is pale yellowish white 
in color. As it develops the appendages become 
visible and the fleshy appearance disappears. 
Initial coloring of the pupa begins with the 
reddening of the eves; the other structures darken 
gradually. The adult does not emerge from the 
cocoon until the wings are fully expanded. The 
last larval molt skin and the meconium are found 
in the middle of the cocoon; occasionally they may 
be found attached to the last abdominal segment. 


BIOLOGY AND BEHAVIOR OF Praon palitans 
MUESEBECK 

ApULT.—Emergence from the coccoon is com- 
paratively rapid, as little as 15 minutes being 
required for complete liberation. The adult 
always emerges from the cocoon with its wings 
fully developed. Immediately after emergence 
the parasite runs about, stopping frequently to 
clean itself, and, when food is available, to eat. 
Males are apparently ready to mate as soon as 
they emerge. The need for a premating period 
in the male was not determined, since the male 
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always required a short period of time to locate 
the female. Virgin males and females placed 
together immediately after emergence show 
great excitement, and copulation usually results 
within minutes. In no case, however, was the 
male able to detect the virgin female while she 
was in her even just prior to her 
emergence. 

Mating.—Apparently the male detects the 
presence of a virgin female by odor. When 
isolated in a small shell vial with a virgin female, 
the male almost immediately becomes aware of 
her presence, even though no contact has been 
made. He becomes very much excited and runs 
around the vial with his wings held vertically 
above the thorax and the antennae vibrating 
rapidly. When contact is made, the male moves 
his wings rapidly while they are held in the ver- 
tical position. If he is unsuccessful in his attempt 
to mate and the female moves away, he follows 
her diligently even though she may be some dis- 
tance away. If he is unable to copulate with 
the female (as when the female is in a space 
large enough for herself only) the male walks 
away, but he is capable of and rather persistent 
in returning directly to the spot where he left 
her. If she moves a considerable distance away 
(up to 6 inches), he follows her ‘‘scent’’ trail 
until he contacts her once again. When copula- 
tion takes place, the union lasts from 14 to 24 
seconds. This is in contrast to Sekhar (1957) 
who found that the act of copulation in Praon 
aguti lasted for an average of 46 seconds. 

Once the female of Praon palitans is mated, 
she apparently loses her odor, and other males 
are unable to detect her presence unless they 
accidentally come in contact with her. 

Females were found to mate only once during 
their lifetime. On several occasions virgin males 
were placed with recently mated females. When 
the male attempted to copulate, the female 
inevitably discouraged him by moving away, or 
by pushing him off her back with her hind legs. 
If the male persisted, the female would bend her 
abdomen down, thus preventing coitus. 

Multiple matings are evidently commonplace 
with the males. One male was observed to mate 
with 10 different virgin females and no doubt 
would mate with many more. Sekhar (1957) 
found that Praon aguti mated as many as 22 
times. Although it was not determined how 
many times the male of P. palitans would mate, 
it was found that each successive union required 
a longer period of time. For example, in the 
male referred to above, which was observed to 
mate 10 times, the first union lasted for 13 seconds 
and the tenth union lasted for 24 seconds. Mat- 
ings in this series were from 5 minutes to | hour 
and 55 minutes apart; again, the later series of 
matings took the longer periods of time between 
matings. 

Progeny and Sex Ratio. 


cocoon, 


Virgin females pro- 
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duced only male progeny. Females that were 
the first matings of a male usually produced 
progeny in the sex ratio of 1:1. With successive 
matings, the male apparently rapidly depletes 
his supply of sperm, so that a female that was 
casei in a series to be mated by one male 
produced 58 males and only one female. A sex 
ratio of about 1:1 was usually easy to maintain 
in our laboratory stocks, provided the parasites 
were allowed to mate freely for at least 1 day 
prior to their collection and use. 

Reproductive Capacity.—-Maturation of about 
10% of the eggs takes place before emergence, 
and when the female emerges, about 259% of her 
total complement of eggs are fully developed. 
Experiments have shown that females without 
available hosts retain their full complement of 
eggs until death, thus showing no indication of 
ovisorption. As noted in table 1, total eggs per 
female ranged from 118 to 194 (average 155). 
When hosts are available, females are capable of 
depositing their full complement of eggs; the 
average reproductive capacity for the species is 
thus about 155-fold. 

Ovipositional Habits.—Praon palitans was ob- 
served many times in the act of ovipositing. It 
is apparent that the parasite was able to detect 
the aphid only by sensory contact. At no time 
was the parasite observed to be attracted directly 
to the aphids by odor or sight. However, some 
odor given off by the aphid and/or its honeydew 
may act as a general attractant. The fact that 
the adult parasite did not visually perceive an 
aphid’s presence was shown by numerous obser- 
vations in which the parasite would walk by an 
aphid without showing any recognition of it. 
This often occurs when the aphid is small (first 
instar) and rests in a depression on the leaf 
surface. 

When searching for a host the female parasite 
walks around, lightly tapping her antennae on 
the leaf surface in front of her and usually swing- 
ing her antennae somewhat from side to side at 
the same time. When contact is made with an 
aphid, the parasite stops quickly and lightly taps 
her antennae on the back of the aphid. Then, she 
usually places her front legs (or, less commonly 
her middle legs) on top of the aphid and elevates 
herself by quickly straightening out her hind 
legs. Placing her legs on the aphid is undoubtedly 
an adaptation of the parasite to overcome the 
jumping habit of the aphid. She then bends her 
abdomen downward and forward, so that the 
ovipositor extends beyond her head, and oviposits 
in the aphic. Stinging is effected by a very 
rapid thrust of the ovipositor. 

The entire act of egg deposition usually takes 
less than three-tenths of a second. The aphid is 
often lifted entirely off the leaf surface by the 
thrust of the ovipositor before the latter is with- 
drawn. As soon as the ovipositor is removed, 
the parasite quickly turns and runs away from 
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the aphid. If conditions are right, the female 
strikes at an aphid only once, but if the aphid 
or the parasite misjudges the angle or position of 
the host, the parasite will continue to strike until 
the egg is deposited. The parasite does not 
orient itself to sting any particular part of the 
aphid, but rather oviposits in the aphid from 
whatever angle it is approached. Most of the 
stings occur in the abdomen, as this portion makes 
up the bulk of the aphid 

Oviposition usually takes place in rapid suc- 
cession in groups of 6 to 16 stings, provided that 
hosts are available. The female then enters into 
a rest period of from 5 to 30 minutes, during 
which time there is no sign of any ovipositional 
attitudes. When she is ready to sting again she 
repeats a similar group of stings before resting 
once more. After each successive series of 
stings the rest period becomes a little longer and 
the number of stings in each group 
diminishes, until near death there is a rest period 
of about 45 minutes and as few as six stings may 
wi noted. During the rest periods the parasite 

annot be induced to sting, and when confronted 
with an aphid it either walks over it or turns and 
moves away. Toward the end of each sting 
period the rapidity with which the parasite stings 
an aphid slows down considerably after contact 
is made. After a female locates an aphid, she 
often elevates herself and thrusts her abdomen 
forward as if to oviposit, but does not touch the 
aphid with the ovipositor. Females were ob- 
served to remain in this position for as long as 
30 seconds before slowly moving the ovipositor 
toward the aphid and ovipositing. If the aphid 
happens to move when the female parasite 1s in 
this position, the parasite lunges at the aphid 
and usually oviposits. 

Observations revealed that the female parasite 
apparently distinguishes previously parasitized 
aphids from unparasitized ones. Many times 
aphids that had been stung were observed to be 
rejected by the parasite without even attempting 
to oviposit. Discrimination of a _ parasitized 
host appeared to be due to chemical re- 
parasite’s antennae. Contact bv 
sitor was not needed 


successive 


some 
sponse by the 
the parasite’s tarsi or ovipc 
to distinguish a parasitized host. Dissections 
of these rejected aphids invariably showed the 
presence of a parasite egg; but this observation 
does not mean that superparasitism does not 
occur or that under certain conditions it may not 
be an important factor in the efficiency of Praon 
palitans (see text below). 
Longevity..-To determine the 
longevity of the parasite when maintained at 
different constant temperatures and_ relative 
humidities, an experiment was set up using a 
small shell vial with either five virgin females or 
five virgin males (with honey added for food) for 
each temperature point from 28° to 100° F. 
shown in graph |. The relative humidities. for 


approxims ate 
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this experiment were those available in the 
various temperature units. The humidities 
seemed satisfactory to parasite survival except 
in the higher temperature ranges (SO° to 100° F.). 
Higher humidities at these temperatures would 
probably have yielded a greater longevity. 

A temperature of 50° F. and a relative humidity 
of 50% gave the greatest longevity for both 
males and females (56 and 48 days, respectively). 
Tests at both 28° and 35° F. show a greater 
longevity than those at 80°, 90°, or 100° F. 
The increase in longevity at temperatures of 35° 
to 50° F., and the decrease at 50° to 70° F. are 
of about the same magnitude, and the longevity 
at 60° F. is just about midway between 50° and 
70° F. (see graph 1). 

A similar test, but without honey or food of 
any kind, showed the importance of food for this 
parasite’s longevity. The longevity curve for 
this test was about the same as that shown in 
graph 1, except that the maximum longevity for 
females was a mere 12 days at 50° F., and the 
drop in longevity with change in temperature 
from 50° to 60° and 70° F. was much more 
striking, being only 2 days for both sexes at 70° F. 

Since very little reproduction of Praon palitans 
was obtained at 50° F., and since the longevity 
at 70° F. was only about half as long as at 60° F., 
it would appear that optimum rearing conditions 
might approximate 65° F. and 50% to 60% R.H. 

Host Size Preference.—To obtain information 
concerning the parasite’s preference as to host 
size, about 1200 parasite-free aphids representing 
all stages were placed on four greenhouse-grown 
alfalfa plants. The infested plants were then 
placed in a single sleeve cage where they re- 
mained for a 24-hour period to allow the aphids 
to become well distributed. The following day 
about 100 female parasites were introduced into 
the cage and allowed to sting for 24 hours. At 
the end of this sting period the aphids were 
removed from the plants and segregated into 
their respective instars. Adult aphids were 
further separated into two groups, those that 
were alate (winged) and those that were apterous 
(wingless). The different instars were then 
placed on individual plants and isolated in 
separate cages. As the parasite mummies were 
formed they were collected and placed in small 
vials for emergence. After 13 days the rest of 
the aphids were removed from the plants and 
placed in alcohol for subsequent dissection. The 
data are summarized in table 2. 

Parasitization was found to range from a high 
of 66.6% in the third-instar to a low of 36.6% 
in the second-instar aphids. It is apparent that 
the third- and fourth-instar aphids were preferred 
by the parasites, that the alate and apterous 
aphids were preferred to those of the second 
instar, but that all stages (except the first) were 
effectively parasitized. First-instar aphids were 
excluded from the test because of extreme mor- 
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tality due to handling techniques. This factor 
also accounted for the near 50% mortality in all 
stages, as indicated in table 2. The data ob- 
tained compared favorably with observations 
made in the field, particularly with regard to 
parasitization of the adult alate aphids which, as 
was noted by van den Bosch et al. (1959b), 
greatly facilitated the initial spread of this 
imported parasite by carrying parasite eggs or 
larvae inside the aphids during flight. This was 
not found to be as true with Trioxvs utilis. 


ADULT LONGEVITY oF PRAON PALITANS 


WITH HONEY aS FOOD 


2e° 38° soe 60° 70° 60° 90° c 
34% 60% 50% 60% 60% 20% 20% 


TEMPERATURE °* FAHRENHEIT + PERCENT ATIVE HUMIDITY 


GRAPH 1.—Longevity of adult males and females of 
Praon palitans under various combinations of constant 
temperature and relative humidity and with honey as a 
food source 


Superparasitism.—Only rarely have dissections 
of field-collected parasitized aphids revealed more 
than one egg of Praon palitans. However under 
laboratory conditions it has not been uncommon 
to find two or more parasite eggs per aphid. Al- 
though numerous observations on superparasiti- 
zation have been made in the laboratory, the 
following experiment will serve to explain the 
situation. 

Two mated female parasites were confined with 
two third-instar aphids on an alfalfa leaflet in a 
dish. Each parasite immediatelv 


small glass 
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Table 2.—Ovipositional preference of P. palitans in relation to size of host aphid. 


No. of 


Aphid 
aphids> 


stage* 

318 
31 
85 
96 


Alate adult 
Apterous adult 
Fourth instar 
Third instar 
Second instar 


Aphids 


parasitized 


Percent 
emergence 


Percent 
parasitism 


90 
86 
95 
86 
78 


46.5 
42.0 
44 52.0 
64 66.6 
11 36.6 


148 
13 


mwa11 oO 


oo 


“First-instar aphids were available, but none survived the handling 


techniques. 


Aphid mortality in this case was about 50% of total number used. 


These 


dead aphids were excluded from the results because their parasitization could 


not be calculated. 


stung one aphid. After the initial sting, both 
parasites appeared quite reluctant to sting either 
of the aphids again. After a period of about 5 
minutes, oviposition began again, with each 
parasite stinging both hosts until one aphid 
contained five eggs and the other six. After the 
initial sting, oviposition took place only when the 
aphid moved away from the parasite. Presum- 
ably, if the aphids had not moved the parasites 
would not have stung them again. Some kind 
of ovipositional urge was apparent during these 
observations, since both parasites were seen to 
make several attempts to oviposit in the edge 
of or on the surface of the alfalfa leaflet. Seem- 
ingly it was this ovipositional urge that caused 
the superparasitism. 

Only one first-instar larva usually survives in 
a superparasitized aphid; however, on two 
occasions (under different stinging conditions) 
living second- and first-instar larvae were ob- 
served. Never, however, did more than one 
parasite develop to maturity in one aphid. 

Egg.—The general features of the parasite egg 
are discussed above. The oviposited egg is not 
attached to any definite portion of the aphid 
anatomy; instead, it is found either floating free 
in the lumen of the body or imbedded in the 
muscle tissues. When it is deposited in the head 
or thoracic muscle tissue, it remains there until 
eclosion. It was not ascertained whether or not 
the egg traveled through the aphid body by the 
circulation of the haemolymph, but eggs that are 
deposited in the thorax in other than muscle 
tissue are often found in the abdomen when 
dissections are made. Table 3 shows that eclo- 
sion takes place in 69 to 71 hours at 70° F. No 
difference in the time of eclosion was found in 
relation to the region of egg deposition. Eggs 
were observed to hatch within 65 hours after 
deposition at a temperature of 80° F. 

LARVAE.—First Instar.—If the larva, after 
freeing itself from the egg and from the tropham- 
nion cells, is not yet in the abdomen of the host, 
it moves there rapidly. The first-instar larva 
evidently does not commence feeding immediately 
after eclosion, for there is no visible increase in 


size for several hours. The trophamnion cells 
increase greatly in size during this nonfeeding 
period, which seems to be well synchronized with 
the larval habit of nonfeeding. Once eating 
begins, the larva feeds almost exclusively on the 
enlarged trophamnion cells, and although aphid 
adipose and ovariole tissues at times are ingested, 
this is uncommon and occurs only if by chance the 
larva comes in contact with them. Numerous 
observations disclosed that the mandibles were 
not used in the actual feeding process. Because 
of their shape and mode of action, it seems highly 
improbable that the mandibles can be used for 
anything except pushing straight ahead. One 
possible use of the mandibles, besides that of 
puncturing the egg upon emergence, may be to 
puncture membranous tissue such as that which 
surrounds the ovaries, in order to make available 
the more digestible materials enclosed therein. 

Ingestion of food materials is made possible by 
a strong esophageal pump. This is observed 
when live dissected larvae are fed trophamnion 
cells and adipose tissue in a glass dish containing 
saline solution. The fleshy lobes of the mouth 
appear to orient the food at the oral opening after 
the food is attracted to the mouth region by the 
action of the esophageal pump. A single tro- 
phamnion cell or young aphid embryo can be 
ingested in a matter of seconds. 

The first-instar larva moves in two ways: (1) 
by normal body contraction and expansion, and 
(2) by using the caudal abdominal segment, that 
is, the tail and its caudal bifid processes. The 
abdominal setae are undoubtedly an aid to the 
first type of movement and tend to keep the 
larva from slipping backward. In the second 
type of movement the caudal segments are 
contracted until the tail and its processes rest 
upon a firm surface such as the aphid body wall 
or alimentary canal. The head segments are 
then pushed forward by the tail and bifid pro- 
cesses; the tail is released and attached again, 
and the movement continues. At times a com- 
bination of these two types of movements is used. 
As far as could be ascertained, the mandibles 
play no part in the locomotor process. It is the 
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opinion of the authors that the primary function 
of the tail and its processes is that of locomotion 
and it probably does not serve as a respiratory 
organ as reported by Timberlake (1910) for 
Praon simulans. We feel that the respiration in 
this larval stage is cutaneous. 

The first-instar larva molts in 96 to 110 hours 
after egg deposition, or in 27 to 39 hours after 
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eclosion (table 3). By increasing the tem- 
perature to 80° F., the length of the stadium can 
be shortened by as much as 10 hours. 

Second Instar.—This instar is structurally quite 
distinct from the first instar. The most im- 
portant change is the fact that there are no man- 
dibles. Furthermore, there does not appear to 
be any need for mandibles in this instar, because 


Relation of time to development of Praon palitans reared at a temperature of 


70° F. and 50 to 60 percent relative humidity. 


Age of Stage 
parasite ot 


(hours parasite 


No. of 


dissections Stung* 


third 
adult 
fourth 
third 
third and 
fourth 
fourth 
third 
fourth 
adult 
fourth 
fourth 
third 
fourth 
third 
third 
adult 
third 
third 
second 
second 
alata 
fourth 
adult 
fourth 
adult 
adult 
adult 
alata 
fourth 
adult 
adult 
fourth 
fourth 
fourth 
fourth 
adult 
fourth 
third 
adult 
adult 
alata 
alata 
third 
adult 
second 
fourth 
fourth 
second 
adult 
fourth 
fourth 
adult 


16 egy 
ege 
ege 
egg 
first 


first 
first 
first 
first 
first 
first 
first 
first 
first 
first 
first 
first 
first 
first 
first 
second 
second 
second 
second 
second 
second 
second 
second 
second 
second 
second 
second 
second 
second 
third 
third 
third 
third 
prepupae 
pupa 
pupa 
pupa 
adult 
adult 
adult 
adult 
59 adult 
60 adult 
61 adult 
62 adult 
63 adult 9 
64 adult ¢ 


Stage of aphid 


Area of 
oviposition 


No. of young 
deposited after 
parasitization 


Emergence 


Dissected (hours) 


abdomen 
abdomen 
abdomen 
abdomen 
abdomen 


third 
adult 
adult 
fourth 
fourth and 
adult 
adult 
fourth 
adult 
adult 
fourth 
adult 
adult 
adult 
third 
fourth 
adult 
fourth 
fourth 
third 
second 
alata 
adult 
adult 


abdomen 
abdomen 
abdomen 
abdomen 
head 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
head 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
head 
abdomen 
abdomen 
head 
thorax 
abdomen 
abdomen 
abdomen 
abdomen 
abdomen 
head 
head 
abdomen 
abdomen 
abdomen 
263 abdomen 
270 thorax 
271 thorax 
274-280 thorax 
274-281 abdomen 
315 abdomen 
335 abdomen 


adult 
fourth 
adult 
adult 
alata 
cocoon 





260 
260 
263 


‘Unless otherwise stated, all adult aphids were apterous. 


*Temperature in laboratory increased to 80 


F. during these dissections 
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of the method of feeding involved. The larva 
feeds almost exclusively on the (by now very 
large) trophamnion cells. As with the first- 
instar larva, the aphid ovaries and their enclosed 
embryos also are eaten if the parasite larva hap- 
pens to encounter them. in numerous dissec- 
tions of aphids containing late second-instar 
larvae, the aphid ovaries are nearly always 
entirely intact, but their appearance is changed 
considerably, presumably due to certain enzymes 
secreted by the larva or perhaps by the tropham- 
The feeding process is the same as 
that described for the first instar. 

There is little locomotion in this stage. The 
only movement the larva makes is that of turning 
itself around in the abdomen of the aphid by 
simply contracting and expanding its body 
segments. 

The second-instar larva molts approximatel\ 
22 hours after emerging from the first larval skin, 
or between 118 and 120 hours after egg deposi- 
tion (table 3). This is the shortest stz ‘diana in 
the development of the parasite. 

Third Instar. ie the internal phase of 
this stadium the larva is very actively feeding 
During the early hours of the stadium the larva 
continues to feed on the trophamnion cells, aphid 
adipose tissue, and ovaries. The vital organs 
are not touched until these three food sources 
are consumed. During the feeding process, the 
first area to be ‘cleaned out” is invariably the 
abdomen. Next, the larva moves into the 
thorax, and lastly into the head. The larva 
emerges within a few hours after the aphid’s red- 
eye pigment is consumed. The aphid is capable 
of slight movement up to the time the larva 
enters the head. 

The food materials in the legs and antennae of 
the aphid are ‘‘cleaned out” by a suction process. 
The larva places its mouth over a leg opening and, 
after a series of suctions by the esophageal pump, 
manages to acquire all the food materials, includ- 
ing the muscle tissues from the legs as far out as 
the tips of the tibiae. 

As soon as all the larger portions of the aphid 
tissues are eaten, the larva begins the job of 
scraping the integument and invariably consumes 
everything within the aphid except the tracheae, 
which are always left appressed against the 
integument. This scraping is done only with 
the labiostipital sclerome as follows: The head 
is extended and the mouth region is pressed 
against the integument. When the fleshy 
of the head are withdrawn, the _ labiostipital 
sclerome remains firmly on the aphid’s integu- 
ment. The mandibles are never used in the 
process of feeding or scra ping. Thev are always 
kept in place, lying flat against the oral surface 
of the larva. The larva usually makes from 8 to 
12 trips around the inside of the aphid during 
this scraping process, and as a consequence when 
it finishes feeding nothing remains of the aphid 
but its appressed tracheae and skin 


nion cells. 
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The only type of movement that the third- 
instar larva makes is the same contraction-expan- 
sion type as described for the second instar. The 
pressure exerted by the fully gorged abdomen of 
the larva on the aphid integument also probably 
aids in the movement process. 

The larva effects its emergence by making a slit 
in the integument of the ventral surface of the 
aphid’s skin. This is done by elevating the 
mandibles into a vertical or out position and then 
pressing them against the surface. By with- 
drawing the head backward and downward, the 
mandibles are dragged along the surface and the 
tear is initiated. Only one of the two mandibles 
actually makes the tear, the other one never 
appears to touch the surface. Once the tear is 
made, the larva extrudes its head and begins 
laying down strands of silk for the cocoon. Only 
3 or 4 hours elapse from the time the aphid dies 
until the skin is torn and the larva emerges. 

In 1926 Spencer published an account of the 
larval biology of certain Aphidiinae. We con- 
clude that several of his findings are in direct 
opposition to ours and, because his study was 
based mostly on serial sections of the larvac 
rather than on living larvae, that his explana- 
tions are perhaps erroneous. His statement that 
larvae of all the instars except the last fed cutane- 
ously was not true with Praon palitans, 
cussed above 

Cocoon Spinning.—The cocoon is constructed in 
five more or less ae steps. In the first step 

the larva simply lays down the vertical “‘support- 

ing” strands of silk. The height of - cocoon is 
determined at this period, for if only the head is 
extruded from the aphid skin the cocoon is com- 
paratively low in height, but if the head, thorax, 
and primary abdominal segments come outside 
the aphid skin, the silk strands are much longer 
and the cocoon is much higher. Normally the 
cocoon is approximately the same height as the 
length of the larval head and thorax 

In laying down the supporting silk strands, the 
larva first attaches the silk to the inside of the 
aphid, then extends the head and thorax outside 
the aphid and attaches the silk to the alfalfa leaf 
surface. The vertical strands are laid down 
singly in a circular pattern around the base of the 
aphid skin. Each strand is separated by ap- 
proximately the width of the larval head. In 
the second ste p of cocoon deve lopmen t, most of 
the larva remains inside the aphid skin as above 
After all the vertical strands are laid down, the 
larva then attaches light, irregular cross-strands 
among the vertical strands. Also at this time, 
light, irregular strands are laid across the bottom 
of the cocoon on the alfalfa leaf surface. At the 
end of this stage the larva emerges completely 
from the aphid skin. 

The third step in cocoon development begins 
immediately after the larva leaves the aphid. 
After complete emergence, the larva spins a layer 
of silk on the top of the cocoon, which is actually 


as dis- 
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just inside the aphid. When the top is completed 
the larva turns and finishes spinning the whole 
outer layer. 

The fourth step commences with the beginning 
of the inner cocoon and ends with the larva placing 
more silk on the bottom of the cocoon. In the 
fifth and final step the larva completely seals over 
the inner cocoon and becomes quiescent. 

When silking mistakes are made, as by fastening 
strands out of place, the larva makes no effort to 
cut the misplaced strands; it tries, rather, to 
modify its cocoon to fit the error. The result is a 
very peculiarly shaped cocoon. From 3 to 5 
hours elapse between the time the larva first 
starts spinning the cocoon and the completion of 
the outer layer of silk. The total time involved 
in completing the inner layer of the cocoon was 
not determined, since the cocoon often becomes 
so opaque that the larva cannot be seen. As far 
as could be ascertained, the inner envelope is 
completed in about 19 to 20 hours. The total 
time spent in cocoon formation, from the time 
the aphid skin is torn until the larva becomes 
quiescent, ranges from 21 to 25 hours. 

Pupal Period.—<As far as is now known, 
larva remains inactive after it passes the 
meconium. The meconium consists of about 
15 small oval black fecal pellets and is passed 
from 2 to 24 hours after the larva becomes in- 
active. The molt into the pupa takes place from 
12 to 19 hours after the meconium is passed. 
The larval exuvia is in the form of a flattened 
scale and is found near the apex of the pupa’s 
abdomen, often adhering to the tip of the 
abdomen 

There are no major structural or color changes 
during the first 24 hours of the pupal period. 
However, in 24 to 48 hours the legs, antennae, 
and abdominal segments become darkened and 
easily discernible. By the end of 48 hours the 
head and thorax begin to darken in color. The 
legs and antennae are then free from the body 
and the over-all fleshy appearance is gone. The 
wings do not completely straighten out until 30 
minutes to an hour before emergence. The total 
length of the pupal period is approximately 96 
hours, or about 4 days. 

Adult Emergence.—The adult usually emerges 
from the cocoon without difficulty. Emergence 
is effected by using the mandibles. A _ small 
smooth circular hole is cut in the cocoon, usually 
in the caudal end in relation to the aphid skin. 
Adequate development of the pupa and emergence 
are greatly dependent upon the relative humidity. 
If the humidity is too low the wings never fully 
develop and the adult is unable to free itself 
completely from the cocoon. Mortality at this 
stage of development is much higher than at any 
other time. In some alfalfa fields at certain 
times of the vear, a large proportion of the adults 
have been observed to die halfway out of their 
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RESUME OF LIFE HISTORY OF THE PARASITE AND 
GENERATIONS PER YEAR 

Under laboratory conditions maintained at a 
temperature of 70°+5° F. and 50% to 60% R.H.., 
the minimum time for a complete generation from 
egg to adult was 252 hours or 1014 days. The 
maximum time under the same conditions was 
335 hours or nearly 14 days. The life history 
may be broken down into the following periods: 
egg stage, 69 to 71 hours; first instar, 25 to 27 
hours, second instar, 22 to 24 hours; third instar 
(internal), 18 to 20 hours and (external), 24 to 
26, hours; pupal period, 94 to 9S hours. The 
internal phases of the life history occupied about 
165 hours, while the external phases lasted about 
120 hours. 

Under the same laboratory conditions, allowing 
12 days for each generation, 30 generations a year 
could be produced. Temperatures in the field 
are variable, however, and the life history occa- 
sionally may be faster but often will be much 
slower than one generation in 12 days. Diapause 
is in effect for about 140 days a vear; thus, at an 
average of 15 davs per generation, approximately 
15 generations per vear occur in the field 


REACTIONS OF HOST TO PARASITE 
AND PARASITIZATION 

The aphid apparently has two ways of defend- 
ing itself against parasitization. The copious 
quantities of honeydew that are produced by 
large populations of this aphid make it difficult 
for the parasites to move among the aphids and 
hence to oviposit. Only one parasite was ever 
observed to become completely entangled in a 
large droplet of honeydew, but parasites often 
were observed to spend more time cleaning their 
legs and antennae under these conditions. 

The second means of defense was more effective 
by far. Quite often the aphid would jump from the 
plant as soon as the parasite touched it with her 
antennae. At other times the aphid jumped only 
when the parasite placed her front legs on the 
abdomen. This was particularly true for adult 
aphids. Only rarely was any reaction of this 
type observed in the smaller aphid stages. The 
aphid showed very little reaction in relation to 
the actual parasite oviposition. However, 
casionally, when the aphid was lifted up as the 
parasite oviposited, the aphid would walk away 
rapidly when released from the oviposition, but it 
settled down to feed as if nothing had 
occurred. 

Some aphids were found to produce young 
after being parasitized (table 3). Other obser- 
vations showed that aphids in the first or second 
instar when parasitization took place never pro- 
duced any young. Those that are in the third 
instar rarely do, but fourth-instar and adult 
aphids often produce some voung. 

Few, if any, voung aphids are produced after 
the parasite reaches the third instar, even though 


OC=- 


soon 





LoS 


the host is an adult producing young when it is 
parasitized. 

Results based on limited observations show that 
parasitized alate aphids produce fewer voung 
aphids than parasitized apterous aphids 

After the parasite egg hatches and the first- 
instar larva begins to feed, the aphid seems more 
reluctant to move about than do normal unstung 
aphids. By the time the parasite reaches the 
third instar, the aphid moves only after being 
prodded considerably. When disturbed, the aphid 
moves without altering the position of the inserted 
mouth parts. When the mouth parts of the aphid 
are forcibly removed from the plant substrate 
they are quickly reinserted as soon as the dis- 
turbance ceases. The precise time when the 
aphid stops feeding is not known, but observa- 
tions indicate that aphid feeding ceases only a 
few minutes before death. 

No internal reaction to parasitism is shown by 
the aphid until the first-instar larva emerges from 
the egg. At that time the adipose tissue begins 
to break up into individual globules and the 
embryonic tissue more granular in 
appearance 


becomes 


DIAPAUSE 

Facultative diapause in Praon palitans was 
first reported by van den Bosch et al. (1957), 
and was further discussed by Schlinger and Hall 
(1959). Detailed diapause studies have been 
carried out by the authors on this and other 
aphidiine species. Results of these experiments 
have not yet been published. However, certain 
features which pertain to this study follow. 

The parasite spends the diapause state as a 
mature larva inside the Descriptions 
of the two types and four forms of cocoons con- 
structed by Praon palitans was given above, but 
most diapause larvae have been found to be in 
the brown diapause cocoon. Diapause in River- 
side, California, depends on climatic conditions 
but usually lasts from November through March. 
‘ie nts of the various populations can be found 
n diapause in September or October; others may 
i found only during parts of December and 
January. Still others in more marginal areas 
(those which border regions where P. palitans 
failed to become permanently established) may 
have portions of their populations active through- 
out the winter months. This is the case at 
Riverside, California. In these semidiapause 
areas it is common to find a large percentage of 
partial diapause larvae. It is apparent from our 
studies that P. palitans cannot survive well (if at 
all) in any area unless at least a small percentage 
of the population undergoes a complete diapause 

The individuals of a diapause populati m ap- 
parently emerge within 2 or 3 weeks of one 
another in the spring, even though these individ- 
uals go into diapause for a period of time often 
extending over 10 weeks. This suggests that 
once the diapause factor is broken all individuals 


cocoon. 
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regardless of when they may have 
entered diapause. This is particularly important 
since this eme rgence is synchronized with the 
beginning of the spring aphid population. It is 
also an advantage to the parasite, since in this 
way heavy parasitization occurs in the first and 
second annual aphid generations when the host 
population density is low, thus materially restrict- 
ing increase. In some areas (e.g., Lancaster, 
California) this parasite was found to be pri- 
marily responsible for the control of the spotted 
alfalfa aphid unti! Julv (van den Bosch et al 
1959b) 


respond, 


POSSIBLY LIMITING THE EFFECTIVENESS 


OF Praon palitans 


Competition.—Without doubt, at certain times 
general predators, fungus diseases, and other 
parasites cause a considerable increase in environ- 
mental resistance to the reproduction of Praon 
palitans. Catastrophic events such as great 
numbers of coccinellids eating a large proportion 
of a heavily parasitized aphid population, or the 
epidemic of disease on a similarly 
parasitized population, are examples of factors 
that could greatly reduce the level of effectiveness 
of this parasite. However, the extrinsic superi- 
ority of the parasite to predators or diseases at 
lower host density leaves no doubt that only in 
rare instances in certain high-level host popula- 
tions will these organisms interrupt the effective- 
ness of P. palitans. 

The interspecific relations of other spotted 
alfalfa aphid parasites (Trioxys utilis and A pheli- 
nus semiflavus) have not been fully investigated, 
but on the basis of field observations in appears 
that multiple parasitism and multiple predatism 
usually are ait in controlling the spotted 
alfalfa aphid. In different climatic areas of 
California one parasite is superior to each of the 
others and vice versa. The distributions of 
these parasites were discussed by van den Bosch 
et al. (1957 and 1959b). Praon palitans is most 
effective in areas that are subjected to cold 
winters and to summers that are mild to warm. 
The problems of competition and multiple para- 
sitism were likewise briefly discussed by van den 
Bosch et al. (1959b), and more data are being 
gathered for further discussions. 

Hyperparasitism.—Field observations during 
the years 1956 to 1958 have shown that only 
occasionally have hyperparasites been a factor 
limiting the effectiveness of Praon  palitans, 
namely, (1) when large populations of aphids 
and parasites have been maintained in one area 
for a long period of time, and (2) when the 
hyperparasites attacking P. palitans have moved 
into the population in large numbers from either 
an alternate aphid-parasite association nearby, 
or from another field of the same association but 
operating at different densities. Both of these 
factors occur and can reduce the effectiveness of 
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P. palitans because little, if any, host specificity 
is exhibited by these hyperparasites. For ex- 
ample, these hyperparasites (see below) have 
been observed on several occasions to build up 
on A phidius (Lysiphlebus) testacetpes (Cresson), 
which was parasitizing the apple grain aphid 
and/or the cowpea aphid in the same field, and 
to move over directly onto an increasing popu- 
lation of P. palitans. When this latter popula- 
tion was at a relatively low level, considerable 
damage was done. 

Usually, hyperparasites appear to work effec- 
tively against Praon palitans only when the latter 
and its host are at high densities. This may be 
more apparent than real, because for the aphid 
host to have attained that density the effective- 
ness of P. palitans itself must have been low in 
such cases. 

Diapause.—This is a limiting factor only in 
marginal areas where diapause is not complete 
and where synchronization of the aphid-parasite 
association is unfavorable. This is particularly 
true in areas where the aphid is able to reproduce 
during a time when the parasite is in diapause, 
before the parasites emerge from diapause, or 
after the time when most of the parasites have 
entered diapause. 

Climate.— Only in a few areas (such as Imperial 
Valley, California) has climate been a limiting 
factor to Praon palitans. On several occasions 
this parasite was thought to be established in 
that valley, but the extremely hot and arid 
climate was apparently too severe. In several 
places in Calexico, California, this parasite passed 
the winter successfully in diapause and emerged 
in the spring in good numbers. However, 
examinations of large numbers of cocoons in 
July 1957 revealed that the larvae, pupae, and 
preadults of that population had been killed 
This is thought to have been caused by the 
extreme heat and low humidity. Evidence of 
the persistence of this parasite since that time in 
the Imperial Valley has not been found. 

Dispersal.—It was shown earlier in this report 
that Praon palitans was quite able to oviposit in 
adult aphids and that many of the younger 
aphids that were parasitized would become 
adults before being killed by the parasite larva 
This is not so true for the other spotted alfalfa 
aphid parasites studied. By this means P. pali- 
tans has a greater dispersal factor than have the 
others, as large numbers of parasite larvae may 
be carried in the late aphids for considerable 
distances. This could be a good trait for the 
species at certain times, but at the same time one 
which would definitely limit its local effectiveness 
in a given area. For example, in certain areas 
such as Lancaster, California, the alate aphids 
were produced in great numbers during the sum- 
mer. These aphids, together with the parasite 
larvae, were carried by the strong prevailing 
winds for a considerable distance. At the same 
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time no aphid or parasite population was brought 
into the area by the incoming winds. Thus the 
local effectiveness of the parasite was tem- 
porarily interrupted 


DISTRIBUTION, HOSTS, AND HYPERPARASITES OF 
Praon palitans 


Distribution.—At the present time this parasite 
is established in all the major alfalfa-growing 
areas of California except the Imperial Valley. 
It is also established in expanding but isolated 
areas in Arizona, Nevada, New Mexico, Utah, 
and possibly Mexico. Its distribution in the 
Old World includes western Europe, parts of the 
Mediterranean area, and throughout much of the 
Middle East, as reported by van den Bosch 
(1957). 

Hosts.—Only aphids of the genus Therioaphis 
are known to be hosts of this parasite. The 
preferred host appears to be 7. maculata (Buck- 
ton). Other hosts are T. ¢trifolit (Monell) and 
T. riehmi (Borner). 

Hyper parasites —According to Schlinger and 
Hall (1959) the following hyperparasites have 
been reared from Praon palitans in California: 
Pachyneuron siphonophorae (Ashmead), Asaphes 
californicus Girault, A phidencyrtus aphidivorus 
(Mayr), and four species of Charips. It seems 
likely that Lygocerus spp. will also attack P. 
palitans, but it has not yet been reared by the 
authors. Asaphes vulgaris Walk. has been reared 
from shipments of P. palitans from France and 
Italy 
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STILETTO-FLIES OF THE GENUS FURCIFERA KROBER' 
(DIPTERA: THEREVIDAE) 


FRANK R. COLE 


University of California, Berkeley 


ABSTRACT 


Furcifera Krober (= Epomyia Cole, as stated by Mal- 
loch) is described and its 15 known species are keyed and 
discussed. Several of these have been taken from the old 
genus Psilocephala, particularly the North American forms 
once placed in Epomyia. F. kréberi (Mato Grosso and 


This is a group distributed over a large part 
of the tropical Americas, with several species 
here considered a part of the genus Furcifera 
reaching into our northeastern and central states. 
More intensive and specialized collecting in 
Mexico, Central America, and on down into Brazil 
and Paraguay will disclose many interesting 
facts about these flies. The known species are 
not particularly common, rufiventris Loew being 
the one usually seen in collections in the United 
States, and the material in the average collection 
is meagre. With very few exceptions we have 
not seen specimens from the western United 
States, and there are no records of specimens 
taken in the Pacific Coast states. We might 
expect to find the group spread through the 
Antillean chain of islands, but specimens studied 
from the Bahamas and Puerto Rico (American 
Museum of Natural History) are more or less 
typical species of Psilocephala 

We have four older species in the eastern 
United States and Mexico which were originally 
described in the genus Psilocephala; these are 
pictipennis Wiedemann, rufiventris Loew, scutel- 
laris Loew and sumichrasti Bellardi. In a revi- 
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Paraguay) and F. braziliana are new species; F. hardyi 
(= Epomyia flavipes Hardy 1943, preocc.) is a new name. 
This genus, of apparently Neotropical origin, includes 
rather slender flies, usually with plainly banded wings and 
with characteristic velvet-black markings 


sion of the North American Therevidae (1923), the 
writer erected the genus Epomyia to include these 
four species, designating pictipennis as genotype, 
and adding a somewhat atypical new species from 
Texas, bella Cole, to the group; in 1943 Hardy 
described Epomyia flavipes from Texas specimens 

In 1932 Malloch wrote the chapter on There- 
vidae in Diptera of Patagonia and South Chile; 
on page 256, under Furcifera Kroéber, he stated 
as follows: ‘This genus is similar in many 
respects to the generally accepted forms of 
Psilocephala, and is identical with Epomyia Cole 
(1923). I have examined two species of the 
genus in the United States National Museum, 
including the genotype, and though the only 
species in the collection now before me differs 
markedly from both of these in lacking well- 
developed scutellar bristles, and is in this respect 
distinct from any known to me in the family, I 
prefer to retain it in this genus rather than erect 
for its reception another in what is a group of 
very closely allied forms.’”’ Malloch then de- 
scribed his species Furcifera achaeta, from Monte- 
video, Uruguay. 

As we mentioned in originally setting up the 
genus Epomyia, the reading of Kréber’s descrip- 
tion of Furcifera indicated to us a close relation- 





1960] Cole: 
ship of the two groups, but Mexican and South 
American material was not then available for 
comparison. Now that we have seen authentic 
specimens of Furcifera, loaned by the U. S. Na- 
tional Museum, we can follow Malloch, albeit 
rather hesitatingly, in sinking Epomyia. There 
are inconsistencies shown by some species, par- 
ticularly by the South American polita Krober, 
but by adopting a rather broad concept we can 
logically use the genus Furcifera to include all 
the species mentioned in this paper. There are 
perceptible cleavage lines in the mass. For 
example, Epomyia might be made a subgenus, 
containing Nearctic pictipennis (Wiedemann) and 
allies. The aberrant species bella (Cole) could 
well be set apart, with its distinctive antennae 
and lack of mesonotal velvet black markings. 
Described in this paper is another South American 
species without scutellar bristles, allied to achaeta 
Malloch. Through the whole there are threads 
of continuity, beyond the family characters, such 
as the character of the enlarged front metatarsus, 
the bare prosternal plate between the front coxae 
and the typical wing structure; the male genitalia 
are all quite similar in external structure. We 
think it is important that all of these species have 
a common habitus—in plain English, they look 
alike. 

The genera Ozodiceromyia Bigot, Phycus 
Walker, and Euphycus Krober are being studied 
by Wirth and Schlinger. These genera show an 
interesting relation to the Furcifera-Epomyia 
complex. Schlinger has called our attention to 
this, and to what he considers a relation of bella 
(Cole) to the species of Ozodiceromyia, also the 
more distant but perceptible resemblance of the 
North American Chromolepida Cole to these 
interrelated therevid flies. 

Our primary interest in this study was in arriv- 
ing at a stabilized nomenclature for the proposed 
Catalogue of Diptera, now being prepared under 
joint authorship. There was need for assembling 
the scattered information on the group and pre- 
paring a key to the species. 

We are indebted to Dr. Willis Wirth for sug- 
gestions and the loan of material in the National 
Museum collection, including some of Kréber’s 
cotypes. Dr. C.H. Curran has kindly sent us 
the material in this group at the American 
Museum of Natural History. We are also in- 
debted to Dr. Evert Schlinger, of the Riverside 
Experiment Station, University of California, for 
loan of material important to this project, and 
to Dr. Paul D. Hurd and Dr. A. Earl Pritchard, 
of the Department of Entomology, University of 
California at Berkeley, for helpful suggestions 
during the course of the study. 


Furcifera Krober 
Ann. Hist.-Nat. Mus. Natl. Hungarici 9: 524. 
Stettiner Ent. Zeit. 73: 220. 
Epomyia Cole, Proc U.S. Natl. Mus. 62(4): 26. 
from the 1912 description 
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“The genus stands very near Psilocephala be- 
cause of the bare lower face, differing however in 
the antennal structure. The third segment is 
longer than the first and second together, the 
first fully three times as long as the second. 
The third segment has the form of a knife blade, 
the upper edge level, the under side bowed from 
base to tip. On the underside of the strongly 
produced tip is set the arista, which by 10X 
magnification appears to be a strong bristle; then 
the two tips are situated near and one over the 
other, so that the antennae appear to be forked. 
Abdomen relatively long, likewise the hind legs. 
The front legs are rather strongly thickened, 
especially the metatarsus. The wing structure 
as in Thereva or Psilocephala, however the upper 
branch of the forked vein (third) is unusually 
deeply bent. Only one species is now known 
from North America.” 

The one species Kréber recognized from North 
America at this time was his species fascipennis, 
from Mexico and Brazil. He allowed the 
piclipennis group to remain in the genus Psilo- 
cephala; later (1928) he accepted Epomyia Cole 
for pictipennis and rufiventris, but noted a “‘scutel- 
laris group” under Psilocephala. We now believe 
that Furcifera Krober in a broad sense can be 
used to contain the species placed in Epomyia, 
although the antennal differences are evident. 
As no type species has been cited for Furcifera, 
we hereby designate fascipennis Krober, the 
second species described, as genotype. 


Some characters of generic importance might 


be added to Krodber’s diagnosis given above. 
The third antennal segment is not always “longer 
than the first and second together” (as in sumi- 
chrasti and flavipes). Krober apparently con- 
sidered the “forked”? appearance of the third 
antennal segment important (hence the generic 
name). In the North American  pictipennis 
group the antennal stvle is, under high magnifi- 
cation, visibly two-segmented with an end 
bristle, and is almost terminal, but slightly to the 
outside (in a distinct hollow in bella Cole). In 
most species the female has a large, velvet-black 
spot between the silver of the face and lower 
frons and the shining black of the upper frons; 
this mark is specific in shape (absent in the South 
American polita). The frontal triangle of the 
male is velvet black at its upper point. The 
antennae are rather slender, the first and second 
segments with very short and hair-like bristles. 
The proboscis is very short, the wide, soft labella 
flaps fluted beneath, as in many other therevids, 
and not at all suited for predatory habits. The 
flattened, fleshy palpi fold back in deep grooves 
in the lower receding face. There are 8 to 10 
small occipital bristles on the upper margin on 
each side: these do not reach to the sides of the 
head; below the outer end of this row is a short 
vertical line of usually five longer bristles. There 
is usually a dull black mark, sometimes velvety, 
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EXPLANATION OF PLATE I 


Fics. 1-5.—Wings of named females. Fics. la-5a.—Front of head, females. Fics. 
lb-5b.—Antennae. Fics. 2c, 3c, 5c.—Male genitalia. Fic. 2d.—Front and middle tarsi. 
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EXPLANATION OF PLATE II 


Fic. 6.—Antenna. Fic. 7.—Antenna and front of female head. Fic. 8.—Antenna. (FIGs. 6-8 
redrawn after Krober.) Fic. 9-12.—Front of head, female. Fic. 13.—Male genitalia. Fic. 14 
Sketch showing bristles of coxae 
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inside the humeral callosity (hence the name 
Epomyia), appearing like the anterior end of a 
wide, abbreviated stripe (absent in polita Kréber 
and bella Cole). The portion of the prosternum 
between the front coxae is bare. The wings are 
usually banded (the exception being achaeta 
Malloch). The scutellum is typically velvet 
black, rounded, and with four short, erect mar- 
ginal bristles (the exceptions being scutellaris 
Loew, achaeta Malloch, and a new South Ameri- 
can species). In the female there is scant, 
recumbent, tomentum-like vestiture on the meso- 
notum; in the males most of this pile is longer, 
more erect and hair-like. The abdomen is 
“relatively long’? only in the female, normally 
short in the males. The color of the enlarged 
front tarsi is more or less blackish, even when the 
other leg color is yellowish. The fourth posterior 
cell (M3) is not only closed but long petiolate 
The female abdomen ends in the characteristic 
double half-circle of thorns, found in most 
therevids. The external male genitalia of species 
examined are all similar (even to the reddish 
color), the forceps, upper and lower, ending in 
more or less extended points. 

Krober, in his description of fascipennis (which 
follows), mentions a blue band across the eye 
bordered with purple color. These bright eye 
markings are apparently present in most or all 
species of the group, but the color is soon dulled 
or lost after death 

There has been very little use of leg bristles in 
the classification of Therevidae, partly because 
of apparent instability in pattern. The usual 
bristles on the coxae of therevids are: front and 
middle coxae each with a pair of downward- 
curved bristles in front, hind coxae with about 
four downward-directed small bristles on the 
extreme front margin below, and a longer bristle 
on the outside (plate 2, fig. 14). This pattern 
holds for Furcifera, except that the outside 
bristle on the hind coxae is sometimes absent 
(fascipennis Krober, achaeta Malloch, and two of 
the new species described in this paper) 


Furcifera Krober 
KEY TO THE MALES 
(Males unknown: flavipes Krober, longicornis Krober 
fulvipennis Krober, fascipennis Krober, kréberi n. sp., 
and bella Cole) 
Scutellum orange red, without pollen or tomentum 
and with two small marginal bristles; antennal 
tyle almost terminal (South American kréberi 
may trace here) scutellaris (Loew) 
Scutellum black (brown with orange margin in 
achaeta), pollinose and usually with two pairs 
of marginal bristles 2 

Antenne! style terminal, two-segmented, with 
micros opi bristle (North American) 

Antennal style slender, thorn-like, set in a sub 
apicai hollow, usually on under side of third 
segment; mostly South American forms (un- 
known male of bella Cole might trace here) 6 

First antenna! segment about as long as third; one 
hyaline median band in wing (Mexico, C 
America) sumichrasti (Bellardi) 
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First antennal segment much shorter than third 4 
Legs yellow; disc of scutellum with clumps of erect, 
tomentum-like pile in addition to bristles (flavipes 
Hardy).. hardyi Cole 
Legs partly blackish in color; scutellum not as 
described ; 
Margin of scutellum with short, pale, tomentum- 
like pile (often rubbed away); abdomen often 
with reddish ground color; wings almost entirely 
whitish-hyaline; sixth and seventh abdominal 
segments pale-pilose rufiventris (Loew) 
Margin of scutellum. with only velvety pollen, or 
an occasional black hair; abdomen black, the 
sixth, seventh, and posterior margin of fifth 
segments black-pilose; wings with definite 
blackish bands pictipennis (Wiedemann) 
Body strongly metallic, shining, as if polished; 
brassy yellow tomentose crossband at base of 
scutellum (Paraguay) polita Krober 
Body largely pollinose, not polished. 7 
Scutellum without bristles; wings hyaline, un- 
banded; frontal triangle velvety-black at apex, 
silvery-gray below, with recumbent white hairs 
(Uruguay) achaeta Malloch 
Scutellum with usual marginal bristles; with wing 


» 


markings S 


Wings brownish-hyaline, with a blackish band; 
first to third abdominal tergites silvery, the rest 
black and black-haired (Brazil) diversipes Krober 

Wings whitish-hyaline, with three dark crossbands; 
first five abdominal tergites silvery, the pile of 

bdomen pale (Brazil) braziliana n. sp 


KEY TO THE FEMALES 
(Female of diversipes Krober unknown) 

Scutellum bright orange-red 

Scutellum velvety-black or -brown 

Scutellum with apical bristles (North America) 

scutellaris (Loew) 

Scutellum without bristles (Paraguay) . kréberi n. sp 

Antennal style terminal, two-segmented, with a 
microscopic end bristle (North America) 

Antennal style slender, thorn-like, set in a subapical 
hollow on third antennal segment (mostly South 
America) 

Abdomen largely red; first antennal segment less 
than three-fourths length of third 

Abdomen bla: 

Legs yellow; basal three abdominal segments 
blackish; black frontal spot as high as wide, 
with narrow marks connecting to orbit of eye 
(flavipes Hardy) hardyi Cole 

Femora blackish; only first abdominal segment 
black; black frontal spot much wider than high 
(hella Cole also I asa red abdomen) 

rufiventris (Loew) 

First antennal segment as long as or slightly longer 
than third; tibiae, tarsi, and antennae brownish 
vellow; wing with two very wide dark bands and 
t very narrow hyaline tip; eighth and ninth seg- 
ments yellowish-red (Mexico and _ Central 
America) sumichrasti (Bellardi) 

First antennal segment about two-thirds as long as 
third; usually almost entirely black species; two 
narrow dark bands in apical portion of wing, a 
dark spot near middle, connected by a dark 
costal area; eighth and ninth abdominal seg 
ments blackish (United States) 

pictipennis (Wiedemann) 

Intensély polished black species, the mesonotum 
shining; tibiae very broad, laterally compressed; 
frons without central velvet-black spot, with in- 
dented marks (Paraguay) polita Krober 

Dull, dusted species; tibiae not widened and com- 
pressed; frons with the usual velvety black cen- 


kish in color 
t 


tral spot & 





1960} Cole: 


8. Without scutellar bristles; scutellum from rear 
shows reddish ground color; wings gray hyaline, 
without bands, veins brown, narrowly bordered 
pale gray achaeta Malloch 

With scutellar bristles; wings with crossbands 9 

9. Third antennal segment rounded at tip, the style 
in a subapical hollow on outside; no black marks 
on gray mesonotum; abdomen red (Texas, 
Northern Mexico) bella Cole 

Third antennal segment pointed, the subapical style 
thorn-like, more or less on underside; abdomen 
black or blackish-brown (Mexico and South 
America) 10 

10. Except for black on tarsi, legs wholly reddish- 
yellow; velvety-black frontal mark in diamond 
shape; no black spots over antennae (Brazil) 

flavipes Krober 
Femora more or less brownish-black 11 
Frons with rounded black mark in middle 12 
Frontal mark in shape of diamond 13 
Scutellum with erect, black, tomentum-like hairs 
back of scutellar bristles; frontal mark kettle- 
shaped (rounded below); short, erect hairs beyond 
second abdominal tergite are black (Brazil) 
braziliana n. sp. 
Scutellum with dispersed golden hairs in addition 
to marginal black bristles; short, erect, black 
hairs on abdominal tergites beyond third seg- 
ment (Mexico, Brazil) .fascipennis Krober 
Small black spots over antennal bases (below 
frontal diamond); wing base to small crossvein 
ochre-yellow, with a rich brown crossband_ be- 
yond, apex gray (Brazil) fulvipennis Kréber 
Frons without black spots over antennal bases; 
wing and wing veins not yellow at base, hyaline 
and smoky; tip of third antennal segment pro- 
jects hood-like over hollow containing thorn- 
like style (Peru). .longicornis Krober 


Furcifera fascipennis Krober 
1911. Ann. Mus. Natl. Hugarici 9: 526. 


1912. Stettiner Ent. Zeitung 73: 221 
printed). 


(description re 


Translated from the German, 1912 paper 
Designated as genotype. 

‘9 Face and frons over the antennae shining 
silver white; upper part of frons flat, shining 
black. Between the two colors lies a velvet- 
black, almost circular spot. In perfect specimens 
there is visible under this each eve 
margin a dull black-brown, triangular spot. The 
hump, on which the antennae are situated, is also 
blackish-brown at the base. The antennae are 
light vellowish-brown, the third segment some- 
what darkened. Across the middle of the eve in 
several examples there is a blue band, bordered 
with purple. The purple line limits above and 
below an irregular spot. Frons above scarcely 
wider than the ocelli, at the level of the antennae 
wider. Occiput gray, silver-white below. Pile 
rather long and dense, yellowish-brown. Meso- 
notum in ground color black, brown-pubescent, 
with two vague blackish longitudinal vittae and 
close-lying, delicate, reddish-vellow hair. Scu- 
tellum dull black, velvety, with black marginal 
bristles and very dispersed golden-vellow hair 
Pleura shining silvery-white. Halteres yellowish- 
brown, the knob darkened. Abdomen in ground 


spot on 
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color black-brown, with silvery sheen. The pile 
is extremely delicate, short, recumbent, yellowish. 
The first segment bears on hind margin a quite 
weak border of snow-white hair, the second 
rather long segment, a broad, brassy yellow, 
shining posterior border. The hair of last seg- 
ment is very short, erect, almost reddish-yellow. 
Bristle crown on end of anal segment fox-red. 
Venter similar to dorsum. Legs brown only 
because of pile appearing lighter. All femora, the 
hind tibiae, the fore tarsi and the end segments of 
the other tarsi dark-brown, the rest lighter. 
Fore tarsi strongly thickened, almost black. Pile 
on femora and tibiae sparse, recumbent, brassy- 
yellow. A specimen from Belimek, Mexico, has 
wholly light vellow legs, in which only the tips of 
hind tibiae, the fore tarsi and the end segments 
of the other tarsi are somewhat darkened. With 
relation to the rather long, flat abdomen, the 
wings appear to be broad and unwieldy. They 
are tinged with delicate brown and have a rather 
broad, dark brown band, which extends in width 
from the small crossvein to over the fork of the 
third vein. On both sides of this band the wings 
appear to be paler. The fourth posterior cell is 
Length 9-12 mm. 

Mexico (Belimek, Oaxaca, June); 


closed. 

‘Habitat: 
Brazil.” 

From a cotype specimen, loaned by the U.S 
National Museum, the following notes are 
appended. The label is ‘Brasilien,’ with a 
determination label by Kréber, 1911. The 
specimen is in fair condition but lacks one wing, 
and the facial and frontal area is greased and dis- 
colored. The frontal spot is rather small (some- 
what obscured), not ‘“‘circular,’’ more semicircu- 
lar below, flat above with a small median projec- 
tion (plate 2, fig. 9). The third antennal segment 
is pointed, about equal in length to first and 
second combined, hollowed out below at tip (not 
at outside, as in pictipennis group of U.S.). Ten 
short, erect occipital bristles on each side, five 
longer ones below these. Scutellum viewed from 
rear is golden, the short pile erect and in marginal 
clumps. Pile of abdomen erect beyond third 
segment. Brassy yellow pile of femora is tomen- 
tum-like. Fourth posterior ce!l (Ms) is long 
petiolate. Wings veins are vellowish brown. 

There is need for a comparison of specimens 
from Oaxaca, Mexico, with those from Brazil; 
we believe that two species are involved. 


Furcifera longicornis Krober 


1911. Ann. Mus. Natl. Hungarici 9: 526-7 


The type locality is Peru, which gives us an 
The 
‘coll. Kréber.”’ 
The species has not been seen by this writer, and 
is placed in the key from a study of the original 
description in German 


interesting extension of the generic group. 


type, a female, was stated to be in ‘ 
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Furcifera polita Krober 


1911. Ann. Mus. Natl. Hungarici 9: 524. 

1914. 2. Beiheft zum Jahrb. Hamburg. Wiss. Anstalten 
Bd. 31; reprinted in Mitt. aus dem Naturhist. (Zool.) 
Mus. Hamburg 31: 35. 

The species was described, along with fasci- 
pennis and longicornis, in Krober’s ‘Die There- 
viden Siid- und Nordamerikas.”’ Although the 
first species described, it is quite atypical of the 
genus Furcifera. The vertically furrowed frons 
of the female lacks the usual velvet black central 
spot characteristic of other species in the group 
(plate 2, fig. 10). It also has a black and 
polished mesonotum, rather than the usual pol- 
linose and vittate surface. The front tarsi, par- 
ticularly the basitarsi, are typically much en- 
larged, but all of the tibiae are also much en- 
larged and laterally compressed. The apical 
half of the wing is a suffused brownish, next to 
this is a whitish hyaline band across base of 
discal cell, and back of this a narrow brownish 
band. 

The types were taken in Paraguay and are 
presumably in the Hungarian Museum. We have 
examined a “cotype,” loaned by the U. S. Na- 
tional Museum, labeled ‘‘Paraguay,” with a 
determination label by Kréber, 1911; in this 
specimen the proboscis appears to be broken 
(indicated in figure 10). With this type is a 
later specimen, determined by Krober in 1913, 
from “S. Bernardino, Paraguay.”’ In this speci- 
men the fourth posterior cell (M3) is unusually 
wide and barely closed in the wing margin. 
Krober gives the length of male as 7 mm., that 
of the female 8-10 mm. 


Furcifera flavipes Krober 
112. 


1928. Konowia 7(2): 


The species was described from a female type, 
taken at “Neu Freiburg,’’ Santa Catharina state, 
in southern Brazil. The type is said to be at 
Halle. It is a black species, with banded wings. 
Length 11.5 mm. A black diamond mark on 
frons. Legs, except for blackish fore tarsi, reddish 
vellow. Krober’s illustration (redrawn, see fig. 
6) shows the antennal style in a small hollow on 
a slender third antennal segment, some distance 
from the tip. Krdber states: ‘‘The excavatior 
itself shines reddish yellow.” 

This and the following two species have not 
been seen by this writer, and all three are in- 
cluded in the key from a translation of the original 
German description. 


Furcifera fulvipennis Krober 


1928. Konowia 7(2): 114 


This large species (12.6 mm.) was described 
from a female taken at ‘‘Neu Freiburg,” Santa 
Catharina, Brazil. The type was deposited at 
Halle. It is another species with a velvet-black 
diamond on the frons, and it also has the velvet- 
black dots over the antennae (redrawn from 
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Krdber, see fig. 7). The antennae are described 
as longer than the head, the third segment point- 
ed (also fig. 7). The wing base out to the small 
crossvein is ochre yellow (a color we find in the 
somewhat related Osodiceromyia mexicana), be- 
vond which is a “broad, rich brown cross band.” 


Furcifera diversipes Krober 
1928. Konowia 7(2): 116 

The species was described from a male type, 
“perhaps the male of an already known species,” 
according to the author. Here again, the type 
habitat in “Neu Freiburg,’’ Santa Catharina, 
Brazil. The type is large for a male (11 mm.), 
and it was deposited at Halle. The antennae 
are said to be longer than the head, relatively 
slender, “fine and weakly black-bristled,’ the 
third segment pointed (redrawn from Krober, 
see fig. 8). 

Furcifera braziliana Cole, new species 

A small, black species with silvery abdomen 
and brownish-fasciate wings. 

MaLe.—Length 6 mm. Face and most of 
frons silverv-gray, upper sharp corner of frontal 
triangle velvety-black. Proboscis and palpi dark- 
haired. First two antennal segments yellowish, 
combined length slightly shorter than yellowish- 
brown third segment, which is pointed and with 
a subapical thorn-like style (see figure 7 ot 
fulvipennis \Krober). First two antennal 
ments with rather abundant, short, black hairs, a 
few minute hairs at base of third. Eight or nine 
rather small upper occipitals on each side with a 
short vertical row of five longer bristles below 
outer end. Occiput silvery-gray pollinose with 
sparse vellowish-white hairs below. Three bronzy 
vittae on gray-pollinose mesonotum, gray appear- 
ing white in certain lights; erect black pile on 
mesonotum about two-thirds length of thoracic 
bristles. Scutellum velvety black viewed from 
above, golden in certain lights with four short 
marginal bristles. Pleura and coxae silvery-gray 
dusted, the few hairs present whitish. Legs 
mostly yellowish, tips of front and hind tibiae 
brown, also tips of hind tarsi and most of en- 
larged front tarsi. Hind coxae lacking usual 
bristle on outside. Femora with pale scale-like 
hairs, also scant pale pile and a few black bristles 
Halteres with blackish knob and brownish stem 
Wings with brownish tips from end of second 
vein, a large band across middle of wing and a 
narrow, vague band across ends of basal cells; 
vellowish at base, otherwise yellowish- 
brown. Fourth posterior cell (M3) closed and 
petiolate. Abdomen much shorter than wings 
with five tergites and basal three sternites silvers 
pollinose; apical segments black, the eighth and 
genitalia reddish-vellow; broad silvery posterior 
margin on second segment. Lower genital for- 
ceps ending in a slender prolongation, upper for- 
ceps with two slender points (see plate 2, fig. 15) 


seg- 


veins 
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most of hairs rather long, reddish-yellow, except 
for a series of four or more long, black, bristly 
hairs on lower edge of upper forceps; similar 
bristly hairs are present in hardyi (see original 
drawing, 1943). 

FEMALE.—Length 7 mm. _ Like male in general 
structure and color. Face silvery, frons silvery 
below, semishining black above with a velvet- 
black kettle-shaped spot between (rounded below, 
square across at top), below which are a few short 
black hairs. Mesonotal hairs very short, recum- 
bent. Scutellum velvety black, silvery at base in 
certain lights, the disc with considerable short, 
erect, black tomentum-like hairs back of four 
erect marginal scutellars. Abdomen blackish, 
semishining with very little gray pollen in type 
specimen; whitish posterior margins on first 
three segments and some reclinate pale pile, the 
rest of abdomen with short, erect, blackish pile. 
Some fine reddish ‘fuzz’? at abdominal tip, the 
terminal circlet of thorns brown. 

Holotype, male, Curityba-Parana (Parolim), 
Brazil, 22 October 1936 (coll. Claretiano, 
U.S.N.M.), and allotype, female, same locality as 
male, 7 October. Types in the U. S. National 
Museum. One male paratype, in the U. S. 
National Museum, with same label information 
as the female. Padre Francisco Pereira of Sao 
Paulo, Brazil, a coleopterist and teacher at a 
private college, when visiting at the University 
of California in Berkeley, informed us that he 
collected these specimens when a student in 
Brazil 

Furcifera sp. 

There are undoubtedly many more undescribed 
species of the genus in Mexico and South America. 
We call attention to specimens in the U. S. 
National Museum collection, these a part of the 
R. C. Shannon collection. <A series of four fe- 
males is labeled ‘“Tingud, R. Janeiro, Brasil, 
Agosto and Setembre, 1940.”’ These possibly 
represent an undescribed species, but we hesitate 
to add another name to the group when Krdéber’s 
species from this region are evidently closely 
related and not well known. In these four speci- 
mens the velvet-black spot on the frons is shaped 
something like the ace of spades. The third 
antennal segment is shaped much like that of 
bella Cole (North American, fig. 4b), with an 
outside shallow niche near apex, the third seg- 
ment slightly more pointed than in bella. 


Furcifera bella (Cole) 
1923. Epomyia bella Cole, Proc. U. S. Natl. Mus. 62(4): 

32. 

Since describing the unique female type we 
have seen two other female specimens from 
Texas, one from Hidalgo County, June 5, 1933 
(Bromley), the other from Laguna Madre, 25 
miles S.W. of Harlingen (Hardy, Wooley); both 
are in the U. S. National Museum. There is a 


Stiletto- Flies of the Genus Furcifera 167 


female specimen in the collection of the American 
Museum of Natural History, taken at Padilla, 
Tamaulipas, Mexico, May 17, 1952 (Cazier, 
Goetsch, Schrammel). The species is illustrated 
on plate 1, figures 4, 4a and 4b. 

From a study of these well preserved speci- 
mens it is evident that the mesonotum is wholly 
dull lead-gray without the velvet-black shoulder 
marks (“‘epaulettes’”’) of other North American 
species. The third antennal segment is slightly 
wider than shown in the original drawing, par- 
ticularly in the Hidalgo specimen. The species 
differs, in all specimens, from the related species— 
pictipennis, rufiventris, scutellaris and sumichrasti 

in having the short antennal style not apical 
and two-segmented, but thorn-like and buried in 
a lateral, subapical niche (see fig. 4b). In well- 
preserved specimens the distinctive vestiture of 
the scutellar margin is evident—a clump of short, 
erect, blackish, tomentum-like hairs on each side, 
back of the scutellar bristles. 


Furcifera hardyi Cole, new name 


1943. Epomyia flavipes Hardy, Jour. Kansas Ent. Soc. 
16: 26. 


Hardy’s name is now preoccupied by Furcifera 


flavipes Krober, in a reshuffling of names and the 


placing of Epomyia in synonymy. The type 
locality is Brownsville, Texas, and the species 
was described and illustrated from male speci- 
mens. We concur with Wirth in accepting a 
female specimen taken at Brownsville, ‘‘Los 
Sorregos,”’ June 5, 1904 (Barber) as the flavipes 
of Hardy—here named hardyi. The specimen 
has a determination label ‘‘Psilocephala sumi- 
chrasti Bellardi,”” by Kr6éber, and it is in the 
National Museum collection. 

The yellow legs distinguish the species. The 
female agrees well with the good original descrip- 
tion of the male in most characters. The frons 
is, of course, different; the customary velvet-black 
central spot is almost circular, the semishining 
area above it with eight fine, vertical striations; a 
narrow black spot on each side of frontal spot 
reaches to eve margin. Ocellar tubercle faintly 
gray. Base of scutellum narrowly gray-pollinose. 
Hardy describes the legs: ‘‘Coxae and _tro- 
chanters blackish, legs otherwise vellow’’; in the 
female the front tarsi are characteristically en- 
larged and are brown in color. First two 
abdominal segments black, tergites partly gray- 
pollinose and pale pilose, venter gray-pollinose; 
third segment blackened at base, black-pilose, the 
rest of the abdomen orange-yvellow, with short, 
erect black pile. Terminal circlet of thorns and 
adjacent fine hairs reddish. Length 9 mm 


Furcifera pictipennis (Wiedemann) 
1821. Thereva pictipennis Wiedemann, Dipt. Exot. p. 113. 
1869. Psilocephala erythrura Loew, Berlin. Ent. Zeitschr. 
13: 172. 
1923. Epomyia pictipennis (Wiedemann), 
U.S. Natl. Mus. 62(4): 30-31 


Cole, Proc. 
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This species Was designated the genotype of 
Epomvyia Cole 

The type locality is Savannah, Georgia. We 
have examined specimens from Florida and Texas 
in the South to Massachusetts and Connecticut in 
the North. There are known records west to 
Illinois and Indiana. Kr6éber gave a record from 
Toronto, Ontario, Canada. The wing, front of 
head, antenna and male genitalia are figured on 
the accompanying plate I. Specimens from 
Orlando, Florida, in the U. S. National Museum 
collection, show some slight peculiarities, but we 
believe the differences are within the range of 
normal variation 


Furcifera sumichrasti (Bellardi 


1862. Psilocephala sumichrasti Bellardi, Saggio di Ditter. 
Messic., pt. 2: 91. 
1923. Epomyia sumichrasti 


Natl. Mus. 62(4): 31-32 


Bellardi), Cole, Proc. U. S. 


The type locality is Tuxpango, near Orizaba, 
Mexico. In 1923 the writer stated: ‘The 
original description makes the species recogniz- 
able.”” We redescribed the species from speci- 
mens in the National Museum collection, taken 
at Granada, Nicaragua (C. F. Baker). Illustra- 
tions are given on plate I. Now we are con- 
fronted with two other very closely related 
species, differing mostly in color of abdominal 


segments; Wirth called attention to these speci- 
mens in material sent for study by the National 


Museum. Only an examination of the type can 
definitely solve the problem, but we have assumed 
that we were correct in 1923 and have chosen 
the Nicaragua specimens to represent the true 
sumichrasti; these, further, agree well with a 
female loaned by Schlinger, taken at Orizaba 
(type locality), 2500 feet, November 13, 1954 
(Dreisbach). In these supposedly typical speci- 
mens only the eighth and following segments of 
the abdomen are vellowish red. 
In the other related material, one 
represented by two females from Brewster Co., 
Texas, June 10 (Mitchell and Cushman, 
U.S.N.M.): in these the abdomen beyond the 
third segment is yellowish red, as in hardyi Cole 
(flavipes of Hardy). In the third species, a male 
from Guatemala, 26-3 (Schwarz and 
‘on cotton,’”’ agrees in its peculiar male 


species 1S 


Cacao, 
Barber), 
genitalia with a male taken at Frontera, Tabasco, 
Mexico, 17-3 (Townsend). This last male has a 
note of eve color in life and was taken “in cop”’ 
with a female, same data, mounted on a separate 
pin. The male was determined by Krober as 
sumichrasti. The associated female has the 
seventh and following abdominal segments yel- 
lowish red. We require more material to prop- 
erly establish the status of what appear to be two 
undescribed forms 
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Furcifera rufiventris (Loew) 


1869. Psilocephala rufiventris Loew, Berlin 
schr. 13: 12. 

1914. Psilocephala lacteipennis Krober, Mitt 
(Zool.) Mus., Hamburg, 31: 53. 
1923. Epomyia rufiventris (Loew), 

Natl. Mus. 62(4): 27-28. 


Ent. Zeit 


Naturhist 


Cole, Proc. U. 


This is our commonest species in the United 
States, with a distribution from Florida north to 
Ontario, Canada, and west to Montana and 
Kansas. The species is illustrated on plate 1, 
figures 1, la, and lb. We have seen unrecorded 
specimens from ‘‘sand dunes” at Medora and at 
Manhattan, Kansas, May to September (Painter) : 
also a specimen taken on ‘Salt Flat Area,’’ Stan- 
ford County, Kansas, July 10, with label ‘‘Biol 
Note No. 526” (no collector name). One speci- 
men, included with National Museum material of 
rufiventris, is a male from Liberty, Texas (Tucker), 
determined by Wirth as the Jactetpennis of 
Krober, which was described from a male spect- 
men taken in Florida. The typical form of this 
well-known species is found in the Central and 
Eastern states; the type locality is Nebraska, in 
the physiographic region termed the Platte 
Plateau (of Powell and early geographers) 

Just south and west of the Nebraska or Platte 
area, in New Mexico and Arizona, we have an 
interesting form which will probably, with a study 
of adequate material, prove to be a distinct 
species. In the U. S. National Museum there is 
a large and strongly marked female specimen 
taken at Mesilla, New Mexico, by Cockerell, also 
a male taken at nearby Las Cruces, New Mexico, 
June, 1917, by Aldrich. This region is in the 
“Open Basin,’”? on the Rio Grande, elevation 
about 3800 feet. Agreeing with these specimens 
is a female, loaned by Schlinger, taken at Hol- 
brook, Arizona, July 27, 1956 (Butler-Gerhardt ) 
Holbrook is on the “Colorado Plateau’ of 
northeastern Arizona, at an elevation of 5000 
feet. Dr. Paul Hurd informs us that there are 
records of several eastern bees from the region 
around Holbrook. The male specimen noted 
above is superficially the same as_ rufiventris 
males, the two females are darker in coloration 
with a larger, rounded frontal spot, similar to the 
figure of pictipennis head (fig. 2a) 


Furcifera scutellaris (Loew) 


1869. Psilocephala scutellaris Loew, Berlin. Ent. Zeitschr 
13: 171. 

1923. Epomyia scutellaris 
Mus. 62(4): 28-29. 


S. Natl 


Loew), Cole, Proc. U 


The species is illustrated on plate 1, figures 5, 
da, Ob, and 5c. The type locality is District of 
Columbia in the United States, but the species is 
comparatively rare, and we have never taken it 
in the type habitat or seen specimens from that 
exact locality. There are records from nearby 
Plummer’s Island, Maryland, June 15 (Busck) 
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Lakeland, Maryland, June 25 
(Clemens). Other specimens seen were from 
New York, Connecticut, North Carolina and 
Virginia. Krober recorded New York and Brazil 
for the male and Paraguay for the female, but 
we have seen the South American specimens 
examined by Krober and believe them to be a 
distinct species, which we have described in this 
paper as kréberi new species. In 1923 we noted 
of scutellaris: ‘‘The short bristles of the scutellum 
quite variable, two, three or four being present 
and these often varying in size.’”’ In view of this 
apparent instability it is interesting to find the 
following closely related South American forms 
without trace of scutellar bristles. 


and = from 


Furcifera achaeta Malloch 
Diptera of Patagonia and South Chile, Part V, 
256-7. 


1932. 
fasc. 3: 
From an examination of paratypes in the U. S. 

National Museum, we add a few notes of descrip- 

tion. In the male the small frontal triangle has 

a few pale hairs below. Third segment of an- 

tennae about equal to first and small, rounded 

second segment combined. Rather long, abun- 
dant, pale hairs on palpi. Margin of scutellum 

a dull orange color. Male genitalia more or less 

telescoped in abdomen, but external structures 

observable resemble those of pictipennis (shown 
in plate 1, fig. 2c). In female the characteristic 
velvet-black spot on frons is shaped like an 


inverted cup, square across the bottom and oval 


above, reaching almost to ocellar tubercle (Plate 
2, figure 11). The wings of female whitish- 
hyaline, veins mostly strong, dark brown, nar- 
rowly bordered gray; basal half of costa and 
veins at base of wing yellowish. Scutellum dis- 
tinctly more orange brown toward margin than 
in male, suggesting relationship to scutellaris and 
the following new species—réberi. Bristle on 
outside of hind coxae lacking. In _ paratype 
examined the abdomen only slightly ‘‘darker- 
haired apically,”’ that is, vellowish brown 
Specimens examined, male and female, are on 
micro pins labeled ‘“‘Uruguay, Montevideo, 21.22.1 
1927 (F. and M. Edwards).”’ 


Furcifera kroberi Cole. new species 


FEMALE.—Length 7.5 mm. A _ black, gray- 
pollinose species. Closely resembling F. scutel- 
laris (Loew), but the upper half of frons is gray- 
black with vertical striations, rather than smooth 
and shining black. Velvety-black frontal spot 
at edge of silvery-gray of lower frons, not a large 
diamond as in scutellaris, but shaped like a small, 
narrowed anchor (plate 2, fig. 12). Mesonotum 
viewed from in front is gray with a central 
geminate golden-brown vitta and a wider abbre- 
viated brownish stripe on each side reaching back 
to a large velvet-black spot above and in front 
of wing base (bordering on transverse suture) 
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The scant mesonotal pile is golden, recumbent. 
Viewed from rear the lateral brown stripes appear 
dull black. Scutellum bright orange-yellow, with- 
out trace of marginal bristles; at high magnification 
a few minute hairs are perceptible on margin of 
scutellum. Halteres pale brown, knobs darker. 
Wing markings similar to scutellaris (see fig. 5), 
but color in tip of wing evanescent gray, central 
band quite sharp, basal wing marking sharper and 
more restricted in a band that comes across wing 
to apex of anal cell. Hind coxae with a small 
tubercle in front (as in sculellaris, pictipennis, 
etc., see fig. 14), but lacking the outside black 
bristle. Legs largely yellowish brown, hind 
femora darker; front tarsi enlarged and blackish 
brown; hind basitarsi more yellow than brown. 
Abdomen mostly shining black, two basal seg- 
ments with some blue-gray pollinose areas and 
recumbent white-haired posterior margins; dark 
recumbent pile on third segment, segments fol- 
lowing with short, erect black and brown pile. 
Genital segments blackish, with a brown circlet 
of thorns. 

Holotype, female, ‘‘M. Grosso (Brazil), VII, 
Salabra, 39, Exp. C.Z.B.,” in U. S. National 
Museum. With the holotype is a _ paratype 
female from Villarica, Paraguay, October, 1938 
(F. Schade Coll.) with name label “Epomyia 
scutellaris.”’ 

A male specimen, also in the National Museum 
collection, probably belongs here, but more 
material is needed before associating it with the 
above described females. The specimen is labeled 
‘‘No. 607.8, Montevideo, So. Paras. Lab., Date 
X-—10, in soil (Parker).’’ The specimen has one 
wing mostly missing. There is a pupal case on 
the pin. 
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SOME CHEMICAL COMPONENTS OF THE EGG SHELL OF 


DROSOPHILA MELANOGASTER. 


I. AMINO ACIDS'! 


B. R. WILSON 
Department of Entomology, Rutgers University, New Brunswick, N. ] 


ABSTRACT 


Paper chromatography shows the presence of 14 
amino acids in appreciable quantities, plus traces of one 
or two more. Most abundant are aspartic acid and 
alanine; next come serine, glutamic acid, glycine, and 
tyrosine, in approximately equal amounts. Lysine and 
arginine are found in equivalent, but smaller, amounts, 


Fruit flies (Drosophila spp.) build up to large 
populations in tomato fields in New Jersey during 
August and September and present a serious 
problem to canners by depositing large numbers 
of eggs on the exposed flesh of damaged tomatoes. 
The eggs are attached firmly to the fleshy surface 
of the fruit and cannot be removed by the con- 
ventional cleaning procedures used by the can- 
nery. As a consequence many eggs and shells 
are found in the finished product, thus producing 
a serious contaminant problem. The primary 
objective of this study was to investigate the 
chemical constituents of the egg shell of D. 
melanogaster with the hope of evolving a success- 
ful means of removing the egg and shells before 
the fruits are processed. 

Insect egg shells have been the subject of 
numerous investigations. Slifer (1937) studied 
the origin and fate of the membranes surrounding 
the grasshopper egg, and Beament (1946) charac- 
terized the layers of the chorion of a reduviid bug 
(Rhodnius prolixus). Davies (1948) investigated 
the lipids in the chorion of Lucilia sericata 
(Diptera), and Moscona (1950) studied the egg 
shell of Bacillus libanicus (Orthoptera). Bea- 
ment (1948), Beament and Lal (1957), and 
Salkeld and Potter (1953) studied the penetra- 
tion of chemicals through the shell of Rhodnius 
prolixus, the large white butterfly (Pieris bras- 
sicae), the tomato moth (Diataraxia oleracea), 
the Mediterranean flour moth (Ephestia kuhniella), 
and the cotton stainer (Dysdercus fasciatus). 
Tuft (1950), and Wigglesworth and Beament 
(1950), reported on the respiratory mechanisms 
of eggs of several different species of insects. 
Jahn (1935) studied the nature and permeability 
of grasshopper membranes, and Moscona (1948) 
has reported on the transfer of calcium from the 
shell to the developing embryo of Bacillus 


libanicus 


1Paper of the Journal Series, New Jersey Agricultural 
Experiment Station, Rutgers, The State University, 
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followed by threonine and valine. Proline, hydroxy 
proline, leucines, and histidine occur in substantial 
amounts, together with traces of cystine and/or cysteine 
The nitrogen content of the shell averages 13 percent, 
which indicates a protein content of 80 to 82 percent. 


With respect to the cheumustry of the shell the 
only reference found dealt with an investigation 
by Tomita (1921) in which he determined the 
amino acids of the silkworm (Bombyx mori) egg 
shell. The chemistry of the Drosophila egg shell 
does not appear to have been reported on. 

DESCRIPTION OF THE EGG 

According to Demerec and Kaufmann (1950), 
the egg of Drosophila melanogaster is about 0.5 
m.m. in length. The dorsal side is flatter than 
the somewhat rounded ventral surface. An 
outer investing membrane, the chorion, is com- 
posed of cells hexagonal in outline. Extending 
from the anterodorsal surface is a pair of filaments, 
which keep the egg from sinking into the soft 
food on which it may be laid. 

As is the case with most insects, there is a thin 
layer of clear, viscous, sticky material covering 
the egg at the time it is laid. If the egg is allowed 
to dry this substance becomes very hard. Ac- 
cording to Wigglesworth (1950), it is secreted by 
the colleterial glands and serves to stick the egg 
securely to the surface on which it is laid. Since 
there is no known solvent which selectively re- 
moves this adhesive constituent from the shell, 
the analyses reported in this paper include this 
material 

EXPERIMENTAL PROCEDURE 

The corn meal agar medium described by 
Demerec and Kaufmann (1950) was modified as 
follows. Corn meal (38 gms.) was soaked in 125 
ml. of warm water. Bacto agar (6 gms.) was 
dissolved in 125 ml. of water over a flame after 
which Brewer’s veast (6 gms.) was added and 
the mixture was brought to a boil. The molasses 
(63 gms.) was then added and the beaker was 
rinsed out with 31 ml. of water, which was also 
added. The corn-meal suspension was then 
added and, while stirring, the mixture was again 
brought to a boil. Glacial acetic acid (2.5 ml.), 
which was substituted for Tegocept ‘‘M’’, was 
then added and the completed medium was 
divided among six pint jars with screened tops 
and allowed to cool prior to the introduction of 
the adult flies 
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When the adult flies were 3 to 5 days old they 
were removed from the culture jars and placed in 
quart jars with screened tops. On the bottom of 
each jar was placed a half section of an 11l-cm. 
diameter, hard (Whatman No. 54) filter paper 
which had been dipped in a solution of yeast and 
honey. About 1,000 flies were added to each 
jar and they were allowed to deposit eggs for a 
week, after which they were removed and new 
flies added. The papers containing eggs were 
removed twice daily and new papers added. The 
eggs were removed from the papers and 
thoroughly washed in distilled water. They 
were then collected on a clean filter paper in a 
Buchner funnel over a suction flask, placed in 
culture dishes with sufficient water to prevent 
drying, and allowed to hatch. The maximum 
practical time to allow for hatching was about 30 
hours, since a longer time favored the growth of 
molds on the shells and a lesser time somewhat 
decreased the percentage of hatch. The shells 
and larvae were removed to a beaker of distilled 
water, where most of the larvae sank and the 
shells floated. The shells were then collected on 
filter paper, and eggs, larvae, small fragments of 
insect legs, etc., were removed with a small 
camel’s-hair brush under low-power magnifica- 
With this procedure, 14 to 1 mg. shells 
The shells were then 
—20° C. for 


tion. 
could be collected daily. 
stored in a deep freeze unit at 
further use 


ANALYTICAL METHODS AND RESULTS 


Amino nitrogen of eggs and 


Amino Nitrogen. 
egg shells was determined using the Micro- 
Kjeldahl apparatus of Steyermark et al. (1951) 
and the method of Niederl and Niederl (1942). 
The samples were dried at 105° C. for 30 minutes 
prior to sulfuric acid digestion. The results 
appear in table 1. 

Table 1.—Amino nitrogen and equivalent 
protein content of Drosophila melanogaster 
eggs and egg shells. 


Equivalent 
protein 


Average amino 
nitrogen 


65°67 % 
80°-82% 


10 3% +0 6% 
13. 0% +0 5% 


Eggs 
Shells 


Amino Acids.—The amino acids were resolved 
by paper chromatography (Consden et al., 1944, 
and Block et al., 1955). Descending chromato- 
graphy was used in all instances. Whatman No. 
| chromatographic paper 18 x 2214 inches was 
developed in a chromatocab at room temperature, 
using two different solvent systems, n-butanol: 
formic acid: water::75: 15:10 v/v, and phenol: 
water::80:20 v/v. The butanol mixture was used 
for the first dimension and phenol for the second 
The butanol mixture was prepared just prior to 
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use and the phenol mixture was prepared and 
kept refrigerated until used. The cabinet was 
saturated with the appropriate solvent system 
for at least 12 hours before use. The standard 
amino acids were applied with micropipettes and 
the chromatograms were steamed 5 minutes 
before introduction in the cabinet. This seemed 
to give sharper separations. About 16 hours 
was required for the butanol system to run to 
within 1 inch of the bottom edge of the paper. 
The paper was then removed, dried in a hood, 


D 


£ 


WT IN MG OF PAPER 


5 I5 25 


MICROLITERS 


50 


Fic. 1.—Standard curve for an 8-millimole solution of 
serine, showing the volume in microliters plotted against 
the weight of graph paper under the curve when the spot 
was scanned with a densitometer. 


and the bottom edge was cut off at the solvent 
front. After a second steaming, the papers 
were developed in the phenol-water system for 
20 to 22 hours, after which they were removed 
and dried in a hood for 24 hours. A 0.1 percent 
solution of ninhydrin in n-butanol was sprayed 
on the sheets, after which they were allowed to 
dry and then placed in an oven at 90° C. for 5 
minutes. The R; values of amino acids deter- 
mined in this manner are shown in table 2 and 
are averages of five determinations 

The sample of egg shells was prepared for 
chromatography in the following manner. The 
shells were dried at 105° C. for 30 minutes and 
hydrolyzed in 6N hydrochloric acid 16 hours in a 
boiling water bath. One milliliter of acid was 
used for each milligram of shells. Virtually all 
of the sample was hydrolyzed at the end of 16 
hours. The sample was then removed from the 
bath, filtered, and evaporated to dryness over 
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sodium hydroxide pellets in a vacuum dessicator. 
The residue was picked up in water and evap- 
orated to dryness over sodium hydroxide pellets 
a second time. The residue was then picked up 
in a small volume of 10 percent isopropanol and 
this mixture was chromatographed in the manner 
already described for the standard mixture. The 
amino acids were identified by R;’s and through 
comparison with known amino acids. 


ALANINE 
ASPARTIC ACID 


TYROSINE 


GLYCINE 


APPROXIMATE RATIOS OF EGG SHELL AMINO ACIDS 
GLUTAMIC ACID 


AMINO ACIDS 


Approximate ratios for amino acids of D 


Fic. 2. 
arbi- 


melanogaster egg shell, with the value for valine 
trarily set at 1.0 


To estimate the amounts of the various acids, 
the size and intensity of the spots were measured 
with a Photovolt electronic Model 525 densi- 
tometer. This was accomplished in the following 
manner. AnS8 millimole solution of each standard 
amino acid was prepared and 5-, 15-, 25-, and 50- 
microliter samples were chromatographed two- 
dimensionally. Each spot was scanned with a 
densitometer immediately after ninhydrin treat- 
ment and the result was plotted on graph paper. 
The area under the resulting curves was then cut 
out and weighed, and the weight of this area was 
plotted against the volume of the acid solution. 
With most of the amino acids a straight line was 
obtained through 25 microliters. With large 
volumes however, the increase in weight of graph 
paper was not proportional to the increased con- 
centration, and this part of the curve could not 
be used. This was probably due to the fact that 
the higher the concentration, the more diffuse the 
spot, hence more difficulty was encountered in an 
accurate measurement. In several instances the 
increase in volume of amino acid applied was not 
commensurate with the increase in weight of the 
graph paper and the resultant curves could not 
be used at any concentration. It is thought that 
a maximum error of 15 to 20 percent is present 
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in these determinations. The standard curve for 
serine is shown in figure 1 and is an average of the 
determinations made. This curve is typical in 
that the highest volume shows a lack of pro- 
portionality between concentration and weight 
of paper. 

The amino acids in the unknown were then 
scanned and the amount of acid present was 
determined from the standard curve. In the case 
of the unknown it was necessary to vary the 
volume of the solution which was applied, in 
order to obtain a point within range of the stand- 
ard curve. By this method it was possible to 
determine approximate amounts of the amino 
acids from the one standard curve. 

Figure 2 shows the approximate ratios of the 
amino acids present. Valine has been assigned 
a value of 1. 

In addition to the amino acids listed in figure 
2, traces of cystine and/or cysteine, and sub- 
stantial amounts of proline, hydroxy-proline, 
leucines, and histidine were found. The relative 
amounts of each could not be determined by this 
method because satisfactory curves could not be 
obtained for the standard solutions 


Table 2.—R,; values of amino acids determined 
butanol: formic acid: water and phenol: water systems 


using 


Amino Ry values 


acids 


Cystine/cysteine 

Lysine 

Histidine 

Arginine 

Serine 

Aspartic acid 

Hydroxy-proline 

Glycine 

Glutamic acid 

Threonine 

Alanine 

Proline 

Tyrosine 

Valine 5: 78 
Leucine/ isoleucine S4 


‘Solvent system used for Ist dimension=n-butanol: 
formic acid:water::75:15:10 v 

bSolvent system used for 
water::80:20 y 


2nd dimension=phenol 


DISCUSSION 


It will be from table 1 that the shell 
appears to be predominantly protein. Assuming 
that this particular protein or group of proteins 
has a nitrogen content of 16 percent, the shells 
are composed of 80 to 82 percent protein while 
the whole egg has a protein content of 65 to 67 
percent. The difference in the shell and the egg 
is probably due to the carbohydrates and lipids 
present in the embryo. A high percentage of 
protein does not seem surprising in view of the 


seen 
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traditional role of protein in animal structure. 
In addition, other investigators previously men- 
tioned have indicated, in working with other 
insect egg shells, that considerable protein is 
present, and thus Drosophila melanogaster is not 
exceptional in this regard. 

While a high percentage of protein does not 
appear surprising, it may not be entirely accurate 
to attribute all of the amino nitrogen to proteins, 
since amino groups could be contributed by cer- 
tain classes of lipids, namely cephalins and 
plasmalogens. Aminopolysacc harides could also 
contribute amino nitrogen, and studies on other 
insect shells indicate the presence of lipids and 
possibly aminopolysaccharides. 

It is of interest to compare the amino acids 
found in the silkworm egg shell with those in the 
fruit fly egg shell. Tomita reported 13 from the 
silkworm, and 15 were found in this study. 
Phenylalanine was found in the silkworm, but 
not in the fruit fly. Hydroxy-proline, threonine, 
and cystine and/or cysteine were found in the 
fruit fly but not the silkworm. Glycine, tyrosine, 
glutamic acid, and alanine were the most abun- 
dant in the silkworm while alanine, aspartic acid, 
glutamic acid, tyrosine, serine, and glycine were 
most abundant in the fruit-fly egg shell. 

Of particular interest is the relatively large 
amount of tyrosine found in the egg shell of both 
insects. Polyphenols and their quinone deriva- 
tives have been shown to have a prominent role 
in the darkening and hardening of the cuticle 
(Pryor 1940). The polyphenols appear to be 
derived from tyrosine which is oxidized by 
tyrosinase (Richards 1953). This oxidizing sys- 
tem is distributed over the entire cuticle, an 
localization of hardening and darkening is con- 
trolled by the local distribution of substrate. A 
somewhat similar mechanism may be responsible 
for the hardening of the fruit fly egg shell, al- 
though it does not become as dark. 

It is suggested that the shell is composed pri- 
marily of a somewhat acidic protein or group of 
proteins. The shell is insoluble in ordinary 
protein solvents and is highly resistant to the 
action of acids and bases. Before the proteins 
can be characterized and studied, however, it 1s 
necessary to find a substance in which they are 
soluble 
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ABSTRACT 


A method of rearing Drosophila melanogaster (ten to 
a six-dram shell vial) is described, by means of which it 
is possible to assay the sites of pupation. Criteria for 
listing pupae as central or peripheral are given and per- 
tinent methods of statistical analysis are discussed. A 
section is included on the normal activities of Drosophila 
larvae under the standard conditions of our experiments. 
The rest of the paper concerns the effects of varying 
environmental factors on pupation site. Temperature 
was found to cause maximal peripherality in the range 
between 22° and 25° C. Increased moisture content in 


This paper is one of a series on the genetics and 
ethology of DDT-resistance in Drosophila and 
house flies from the Department of Entomology 
of the University of Kansas. 

The present paper discusses the effects of the 
following factors on the site of pupation of larvae 
of Drosophila melanogaster Meigen: temperature, 
humidity, water content of medium, crowding, 
sex, length of larval period and duration of auto- 
claving. The phenomenon was studied in six- 
dram shell vials containing cornmeal-agar-mo- 


lasses medium. Our interest in pupation site 


grew out of the incidental findings (in a selection 
experiment for DDT-resistance of larvae of D. 


melanogaster) that resistant larvae tended to 
pupate at the margin of the medium cylinder or 
on the wall of the vials, while larvae of strains 
which were susceptible to DDT tended to pupate 
away from the margin of the medium cylinder 
(Sokal and Hunter, 1954). These pupation site 
differences were found not only in medium con- 
taining DDT but also in control medium (without 
toxicant). An investigetion into the phenomenon 
of pupation site was launched subsequently and 
our major effort has been concerned with a 
selection experiment in which two lines of flies 
were selected for marginal (peripheral) and cen- 
tral pupation, respectively. While initially our 
interest centered only on the relation of pupation 
site with DDT-resistance, we became more and 
more interested in the phenomenon per se and 
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Sciences, 


the medium tends to increase peripherality. No effect 
of age of medium was found in spite of the desiccation 
of the medium on standing. The effect of moisture 
content of the air was very similar to that of moisture 
content in the medium; an increase in relative humidity 
produced an increase in peripherality. Increased larval 
density significantly decreases peripherality. Sex of a 
larva had no relation to its pupation site. Earlier pupat- 
ing larvae are peripheral; later pupating larvae tend to 
be central. Duration of autoclaving does not affect 
pupation site. 


embarked om an extensive investigation of this 
matter. The genetic findings in this study are 
being published elsewhere (Sokal, 1959). 

Two main considerations guided our work: (1) 
As soon as pupation site had become a character 
under active investigation in our laboratory we 
felt it was important to evaluate the effect of a 
number of environmental factors which could 
reasonably be expected to vary under the condi- 
tions of our study. (2) Our selection experi- 
ments were plagued by fluctuations in the expres- 
sion of the phenotype which even careful control 
of the environmental conditions of rearing was 
unable to remove. These not entirely parallel 
phenotypic fluctuations among strains of different 
genetic origin complicated the evaluation of the 
genetic results considerably (Sokal and Hunter, 
1958). Attempts were therefore made to find 
the one or several variables responsible for these 
fluctuations in order to control them and to 
remove the source of error in our data. While 
we were unsuccessful in this endeavor we did 
obtain interesting information on the effect of 
various factors on pupation site and these are 
reported here for their intrinsic interest and as an 
ethologica! corollary to the genetic studv 

The experiments reported in the present paper 
were conducted over a number of years from 
1953 to 1957. The critical reader may notice 
some lack of cohesion and direction in the study 
This is explained by the fact that this work was 
always ancillary to the main genetic investiga- 
tions and could only be performed when time 
could be spared frorn them. While this study 
therefore lacks in qualities which a short-term 
intensive investigation might have possessed, its 
long-term nature involving repeated tests of the 
same factor on a number of different genetic 
strains enhances the generality of the results and 
gives us confidence in our interpretation of the 
findings. Some of the experiments reported 
below were experiments planned separatelv and 
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executed particularly for this aspect of the 
investigation. Others are by-products of the 
genetic work already mentioned which, without 
added experimentation, provided valuable infor- 
mation on points in question 


in medium, 2—at margin, 
2+3=peripheral. 


Fic. 1.—Positions of pupae. 1- 


3—on wall; 1=central. 


ORIGIN OF STRAINS AND REARING TECHNIQUES 

These experiments were performed on two 
outbred strains and one inbred line, COSU-1, 
COSU-2 and BS-Canton, respectively. The 
origin of strain COSU-1 has been described else- 
where (Hunter, 1959). COSU-2 was similarly 
constituted, while the BS—Canton line originated 
from the original Canton-S line at the California 
Institute of Technology. At the beginning of 
the experiment the BS—Canton line had been 
sib mated for approximately 2 years, with minor 
interruptions caused by infertility. 

All flies used in this experiment were reared 
in 6-dram shell vials. These are flat bottom 
cylindrical glass vials 85 mm. high with an inside 
diameter of 21 mm. Into these vials was poured 
4.4 cc. of corn meal-agar-molasses medium per 
vial, the medium column rising to a height of 14 
mm. Error in pouring these vials remained 
mostly within 10 percent. An effort was made 
to prevent spilling of medium on the wall of the 
vial, as it was found that pupation occurred 
preferentially at such locations. 

Rearing procedures are described in rather 
greater detail than is customary, since they are 
quite important in determining the pupation- 
site level of anv given experiment. The medium 
formula was adapted from one used at the 
University of Chicago Drosophila Laboratorv: 
95gm. yellow corn meal, “Quaker Oats” brand; 
l5gm. agar, 5gm. brewer’s veast; 75 cc. blue label 
“Karo” syrup; and 75 cc. “Brer Rabbit” molasses. 
To this mixture is added 850 cc. of water, the 
medium is brought to a boil under constant 
stirring and is then autoclaved for 20 minutes in 
a pan at 15 Ibs. pressure. After autoclaving, 15 
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cc. of Tegosept-M in 10 percent alcoholic solu- 
tion is added, the liquid is stirred and poured 
while hot. 

The poured medium vials are not autoclaved 
since the latter procedure would deposit a thin 
film of medium on the lower portion of the wall 
of the vial. The surface of the medium was not 
seeded with live yeast as is customary. This 
decision was taken to reduce labor and to prevent 
the formation of a moist layer of veast on the 


Table 1.—Results of three experiments on the effect of 


temperature on pupation site and pupal density. 


Average den- 
sity of pupae 
per vial 


Percent peripheral 
pupation expressed 
in probits 
Average 


temperature 


Experiments Experiments 


2 é l ‘ 3 
Cc 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
Least significant differences (5% 


pupation site= .775 
density = .95 


surface of the medium cylinder, which would 
affect the pupation sites of the larvae. Any yeast 
growing on the larval medium thus comes either 
from spores in the air or has been transferred with 
the eggs from the oviposition medium. A further 
reason for not adding veast to the surface of the 
medium is that counts of number of eggs hatched 
and observations of activities of young larvae 
would have been impossible had the surface of 
the medium been covered with a growth of veast 
Mold was kept under control largely by a 
thorough washing and autoclaving of the dirty 
vials before and through the use of 
Tegosept M. 

Except where the experimental design pre- 
cluded it, the medium for each experiment was 
prepared in one batch in one pan, since it was 
found that environmental variables, which we 
were unable to control, would differentiate two 
separate batches of medium prepared almost 
simultaneously. Two such batches of medium 
frequently gave significantly different pupation 
site readings, while readings within any one 
batch were always quite homogeneous 


re-use, 
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Eggs were obtained in oviposition chambers, 
which were half-pint milk bottles in which ovi- 
position medium prepared by the method of 
Gowen and Johnson (1946) was placed, either on 
a button on the inside of the bottle cap or on a 
strip of cardboard placed inside the bottle. Some 
of the latest experiments used the technique of 
Hasset (1955) for obtaining eggs in large numbers 
Flies in a half-pint milk bottle were offered an 
aluminum foil pan filled with veast paste into 
which they oviposited. The eggs were obtained 
by washing the paste through an 80 mesh wire 
sieve. 

Ten eggs were lifted from the surface of the 
oviposition medium by means of a needle and 
placed on the medium surface of the shell vial 
Pupation site vials were seeded never more than 
36 hours after the preparation of the medium, 
which was stored in a refrigerator until it was 
used. 

After seeding, vials were placed in a tem- 
perature chamber controlled at 25°+1°C. While 
this chamber was not humidity-controlled, re- 
cords obtained periodically indicated a_ stable 
relative humidity of approximately 55 percent 


PUPATION SITE ASSAYS 

Pupation-site vials were kept in the temperature 
chamber until such time as all larvae had pupated. 
The vials were then numbered and the site of 
pupation was recorded as follows for each vial 
(see figure 1): 

Central was the term reserved for all those 
pupae found on the surface of the medium or 
partly buried in the medium with spiracular 
horns protruding, but which were not touching 
the wall of the vial. All pupae touching the wall, 
whether partivy submerged or not, were called 
marginal. Wall pupae were those cemented to 
the wall of the vial and entirely free from the 
medium. Pupae cemented to the wall at some 
distance above the surface of the medium which, 
however, were connected to the medium cylinder 
by a strand of spilled medium were considered 
marginal. Since there were relatively few wall 
pupae under ordinary conditions, marginal and 
wall pupae were lumped together for computa- 
tional purposes in all the experiments of this 
study and called peripheral pupae. The percent 
peripheral pupation is based on the number of 
peripheral pupae (i.e., pupae at the margin or 
on the wall) in the total number of pupae per 
vial or per experiment. We believe pupation 
site to be a response along a continuous gradient 
reaching from the center of the medium cylinder 
to the wall of the vial. For this reason we have 
considered the entire pupation site phenomenon 
a single variable. We have arbitrarily divided 
it by calling all pupae inside of the margin of the 
medium cylinder central and all other pupae 
peripheral. 

Pupation-site readings for any one experiment 
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were always carried out by the same technician, 
although over the entire study a number of 
technicians were employed. Their reliabilities 
were quite high since technicians, before becoming 
independent pupation-site readers, were assigned 
detailed assays involving drawings of actual pupa- 
tion positions, which were checked by experienced 
personnel. The above should not imply that 
personal error or bias is lacking in the measure- 
ments in this paper. However, it is probably of 
not much significance, since in any one 
experiment the comparison among the different 
batches exposed to varying conditions was always 
done by the same technician. 

The arbitrary division of the pupation-site 
variable and the grouping of readings in two 
classes produced difficulties of statistical analysis 
inherent to all data of this nature. The so-called 
“all-or-nothing”’ or “quantal” variables lack the 
independence of mean and variance assumed in 
most statistical tests and need to be transformed 
in a suitable manner to be amenable to analysis 
This problem was initially solved for pupation 
site in connection with the genetic study already 
mentioned (Sokal 1959) and the justification for 
the steps taken are detailed there. In the 
present context it 1s necessary only to state that 
a transformation of the percentages into probit 
values was adopted. This transformation was 
done either at the vial level (1.e. percentages were 
computed for each vial and these transformed into 
probits) or in most experiments of the present 
paper it was performed on the overall percentage 
for one batch containing a number of vials 
Substitution of the probit of the overall percentage 
in place of the mean weighted probit of individual 
vials was justified in view of extensive empirical 
findings that the two kinds of statistics are not 
appreciably different unless extreme values 
(<20% and >80%) are involved. For the 
benefit of the reader unfamiliar with probits, this 
scale transforms percentages in such a way that 
the scale of low and high percentages is widened 
while that of the intermediate range (25%-75%) 
is narrowed. The change of scale can be seen 
in figure + where the ordinate is marked in 
percentages on a probit scale 

The paper referred to above discusses at length 
the effect of density of pupae on the expression of 
pupation site and allowance is made for this 
effect by regression of pupation site on density in 
the manner of dosage mortality regression analvsis 
However, the relation between density and pupa- 
tion site at densities between 5 and 15 pupae per 
vial appears to be a special feature acquired by 
one of the genetic strains (the CP strain) of that 
study and does not seem to be a general phenom- 
enon of most Drosophila lines. Careful checks 
of the relation between density and pupation site 
in the present data have shown that such a rela- 
tion exists only sporadically and not more fre- 
quently in various batches than a 5 percent 
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PERCENT LARVAE ENGAGING IN ACTIVITY 


in 
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HOURS AFTER SEEDING OF VIALS 


Fic. 2.—Normal larval activity Percent 


cylinder on contracted medium, c 
burrowing in medium, tip of larva visible, e 


sampling error would permit. For this reason 
the effect of density has, in general, not been 
taken into account in the evaluation of pupation 
sites in the present data 

Since, however, density readings are obtained 
automatically as a by-product of the pupation 
site counts, we were in a position to examine the 
effect of the physical factors on pupal density as 
well. Density of pupae as reported by us is the 
average number of pupae found per vial. Since 
it is based on 10 eggs placed initially in each vial, 
multiplication by 10 will give percent survivor- 
ship. The pupal density reported in our study 
represents a summation of two components 
(hatchability of eggs and survivorship of larvae) 
and may therefore be difficult to interpret. It 
has been our experience in related work (Hunter, 
1959) that egg mortality is relatively unaffected 
hy environmental factors and that the large part 
f preadult mortality is caused by larval mor- 
tality. While we cannot critically substantiate 
these views in the present paper, we are prepared 
to assume that differences in pupal density are 
caused by differences in larval mortality. 

The question of the statistical significance of 
the results arises inevitably. The reader may 
think that the problem could be solved simply 
by computing percentage pupation site for each 
experiment and then testing the difference be- 
tween these percentages by the customary 
methods, using standard errors based on the 
binomial theorem. Since probits were employed 
in place of percentages a similar procedure with 
probits might be indicated. However, signifi- 
cance tests performed in this manner almost 


larvae a—on 
on side of medium cylinder, medium not contracted, d 
out of sight, f 


surface, b—on side of medium 


pupated 


always show statistically significant differences 
between any pair of results that we wish to 
compare. Furthermore, two random samples of 
vials within one batch, when tested against each 
other, also show significant differences indicating 
that the application of the binomial theorem to 
these data is 1n error. 

The explanation for this phenomenon is simply 
that there is added heterogeneity among indi- 
vidual vials. These cannot be considered merely 
random samples from a population, the average 
percentage of which is given by the overall pupa- 
tion site percentage for the experimental batch 
This heterogeneity emerges clearly in probit 
computations performed in relation to other 
work. In the large majority of cases the theo- 
retical variance of 1.0 which would be expected 
on the probit scale (if each individual vial were 
merely a random sample from a homogenous 
population) was exceeded. Actual variance values 
ranged up to 2.0 and in some cases even higher 
than that value. This heterogeneity could be 
shown to be significant by the appropriate chi 
square test. 

To compute the proper standard error of the 
mean of each experimental batch would have been 
very laborious indeed, involving computations of 
weighted probits. In view of our extensive 
experience with data of this sort an approximate 
method was employed, which provided reasonably 
reliable results at a great saving in time and labor. 
Standard errors of probits were computed using 
a heterogeneity factor of 3.0. In 87 experiments 
performed in connection with the genetic study 
mentioned before (Sokal 1959) this heterogeneity 
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Table 2. 


Percent peripheral pupation 
expressed in probits 


Age of 
medium 
in days 


Experiment III 


Exp I 


75x | 1.00x | 1.33x | 1.77x 


5.30 5.19 
4.29 5.01 


$85 5.01 


4.52 
91 


43 
9] 


1K 3.89 { 
Cee 99 


*L.S.D. for adjacent values 
**Estimated value 


factor had been exceeded only once and about 
half the time the heterogeneity factor was 
actually less than 2.0. Our value is therefore 
clearly an overestimate and will result in a larger 
than usual type II error, i.e. more frequent 
acceptance of a false null hypothesis. Our state- 
ment of significant difference can thus be inter- 
preted as being extremely conservative. The 
variance was divided by n, the number of vials 
on which the pupation site reading is based. 
Standard errors for means as well as least sig- 
nificant differences between means in each experi- 
ment are given when these data are presented 


NORMAL ACTIVITIES OF Drosophila LARVAE 

A brief review of normal activities of 
Drosophila larvae under the conditions of our 
experiment is in order, since eventual pupation 
site may be a function of relatively early larval 
influences (see transfer experiments below) and 
since differences in early larval behavior 
have been shown bctween strains differing in 
pupation site (Sokal 1959). Six separate series 
of vials, three of the COSU-1 strain and three of 
the COSU~-2 strain, were set up and the activity 
of the larvae observed at regular intervals 
Since these intervals did not coincide for each 
experiment, the results cannot be pooled con- 
venientiy, but examination proved the different 
experiments to be quite replicable. The de- 
scription of a single experiment, as graphed in 
figure 2, will therefore be used to represent the 
entire series. 

The newly hatched larvae generally tend to 
remain on the surface of the medium. While 
some may crawl around on the general surface 
in an exploratory fashion, most of them will 
remain close to each other and to the emptv egg 


the 


alsc ) 


Times normal water content 


Effect of age of medium on probit pupation site and pupal density 


Average density of pupae 
per vial 


Experiment III 
limes normal water content 
Exp. II 


2. 35x 75x | 1.00x | 1.33x | 1.77x | 2.35x 


shells from which they came. They will often 
form a tightly knit cluster and are frequently 
found in a blob of creamy yeast growing near the 
site of deposition of the eggs. During transfer 
of the eggs an inadvertent gash is often produced 
in the medium by the tip of the transfer needle. 
The early larvae are frequently found moving in 
such a gash when it is present. An occasional 
larva or two can be found on the side of the 
medium cylinder where it has contracted. How- 
ever, the number of such larvae is never very 
large. Starting at about 24 hours after transfer 
of eggs the larvae begin to burrow into the 
medium. Some of them will burrow into the 
medium away from the wall of the vial, while 
others will be found burrowing at the margin 
between the medium cylinder and the glass wall 
where, however, the medium has not contracted. 
The percentage of larvae not accounted for 
(“out of sight’’) increases at the same time 
This percentage is computed on the basis of the 
number of larvae hatched (projected from the 
empty egg shells counted in the vials). It 
assumed that the larvae which are out of sight 
are also burrowing in the medium although a 
small number may have started burrowing and 
died subsequently. Sometime after 52 and 
before 72 hours most of the larvae disappear 
from the surface of the medium. Figure 2 shows 
a marked drop between 52 and 87 hours. By 96 
hours the medium assumes a typical tunneled 
appearance because of the burrowing activities 
of the larvae. Pupation first occurs sometime 
after hour 100, and by hour 183 all the larvae 
have pupated. 

When for one reason or another the microflora 
of the vials changes markedly the behavior of 
the larvae mav be affected. Certain types of 
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bacteria will produce mucus layers on the surface 
of the medium, in which the larvae seem to move 
by preference and on which they appear to feed. 
Such mucus layers may delay the eventual 
burrowing in of the larvae considerably and in 
some cases the entire larval life may occur 1n 
these layers. 

While there appears to be some evidence that 
genetic differences in pupation site pattern are 
correlated with early behavioral differences of the 
larvae, an examination of the various vials studied 
in the six experiments failed to reveal any relation 
between larval behavior patterns and eventual 
pupation site. 


EFFECTS OF TEMPERATURE 


The results of three separate experiments on 
the effect of temperature on pupation site are 
shown in table 1. Of the three sets of experi- 
ments, temperatures in the first set are least 
reliable having fluctuated by several degrees dur- 
ing the course of the experiment. Temperatures 
for experiments 2 and 3 were largely confined to 
deviations of 1° C. Humidity was not con- 
trolled in these chambers. However, the cham- 
bers stood in a temperature and humidity con- 
trolled room (at 80° F. and 50 percent R.H.) 
Humidity within each chamber was quite low 
and relatively constant, since in each there was 
a cooling unit which condensed much of the 
moisture present and drained it out of the cham- 
ber. This resulted in a low absolute humidity 
for each chamber (dew point between 5° and 6° C.) 
while relative humidities varied between 30 to 
50 percent at different temperatures. In each 
experiment a batch of 40 vials (i.e. 400 eggs) was 
tested for each temperature. 

The results are not overly enlightening. In 
experiment 2 differences in temperature do not 
appear to have produced differences in pupation 
site. In experiments 1 and 3 there are dif- 
ferences which tend to agree with each other in 
their general pattern. Maximal expression of 
peripheral pupation appears in the range between 
22° and 25° C. Absolute levels in pupation site 
from experiment to experiment cannot be com- 
pared because of the between-batch fluctuations 
which were mentioned above. 

As regards the effect of temperature on density 
no consistent pattern is apparent. Marked dif- 
ferences are found only in experiment 3 with some 
differences between the densities of the array in 
experiment 2. No difference among the mean 
densities was found in experiment 1. Since the 
trend in experiment 3 is exactly the opposite of 
that of experiment 2, it is probably safe to assume 
that temperature over the range tested did not 
have a major affect on larval survival but that 
the effects that are apparent are presumably due 
to uncontrolled differences in nutrition or micro- 
flora 
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EFFECTS OF MOISTURE 

The effect of water content in the medium was 
tested by three series of experiments performed 
at different times over a span of 3 years on 
COSU-2 flies. The following five water con- 
centrations were used in each experiment: 0.75x, 
1.00x, 1.33x, and 2.35x. These refer to the 
proportion of the normal water content of the 
medium. The results of the three experiments 
were quite consistent, showing that with an 
increase of water content there was an increase 
in the percentage of peripheral pupation. In 
view of the similarity of the results the data have 
been combined and are present in figure 3. A 
weighted linear regression line has been fitted to 
these data and is shown as the solid line in this 
figure. An analysis of variance, which is pre- 
sented below, shows that regression of probit 
peripheral pupation on water content ts significant 
and that the deviations from linearity observed 
in the data were not statistically significant 


MS 


Source of variation df 
Linear regression 681.16** 
Deviations from 

linearity 3 20.34 ns 
Error 10 18.42 


The above findings were supported by pilot 
experiments run on the BS—Canton as well as the 
COSU-2 strains, where diluted medium with an 
unspecified amount of added water in the medium 
produced appreciably higher peripheralities than 
the regular amount of water. 

It had been expected that the age of the 
medium before use would be an appreciable factor 
in determining the pupation site. As the medium 
ages it would lose water and therefore pupation 
site readings would become more central. Three 
series of experiments were performed in which 
medium was prepared on various days, stored in 
the refrigerator, and all batches seeded with 
eggs from a common egg pool on day ‘“zero’’ 
The results are shown in table 2. From this 
table it can be seen that, while there is a general 
trend toward decreasing peripherality with an 
increase in the age of the medium, this effect is 
not very strong and cannot be shown to be 
significant. These findings are borne out by a 
study of the loss of water for 25 vials during a 
period of ten days. The water loss even after 
10 days is no more than 5 percent of total weight 
of the medium. 

We may conclude that an occasional lapse of a 
day in seeding our vials did not produce an 
appreciable change in the pupation site reading. 
It should be added that, as the medium ages, it 
tends to contract somewhat and withdraws from 
the glass wall of the vial. This would tend to 
produce higher central readings since pupae 
which ordinarily would have touched the wall 
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of the vial would now be free from it having 
pupated on the contracted medium mass. In 
spite of this bias toward greater centrality in 
pupation site the differences due to age of medium 
are still not significant 

Table 3 shows the effect of water content of 
the medium on density. No definite trend 
emerges from this table, but significant differences 
occurred in experiment 2. However, when the 
age of the medium is considered, definite and 
significant trends emerge. In table 2 it can be 
seen that 10-day-old medium produces a lower 
density of pupae, which means that survival is 
greater in the fresher 1nedium. These differences 
are significant for all but the 2.35x content data. 


Table 3.—Effect of water content of medium on density 


Times normal water content 


75x | 1.00x | 1.33x | 1.77x | 2.35x | L.S.D 


Experiment 


I 


I] 
IT] 


A considerable number of experiments was 
undertaken attempting to relate humidity of air 
above the medium (at 25° C.) with pupation site 
Our work at first ran into considerable technical 
difficulty and reliable results could not be ob- 
tained. A general impression that increased 
humidity produces increased peripheral pupation 
resulted from repeated experiments both on this 
and other research projects 

Subsequently we were able to keep humidity 
constant by using chambers (aquaria) which were 
large in volume relative to the number of vials 
tested therein. The aquaria contained KOH in 
solution to produce three different relative hu- 
midities, 18%+2%, 37%=+2% and 60% +6% at 
25° C. Twenty vials each containing ten eggs 
were placed in each chamber. The per- 
centages peripheralitv expressed as probits for 
the three humidities were, respectively, 3.10, 
1.64, and 5.15. It appears clear that increased 
humidity of the air will produce an increase in 
peripherality. The significant difference 
for these three values is 1.39. These data are 
somewhat biased by the fact that the medium in 
the low humiditv chamber tended to contract 
during the developmental period of the flies and 
therefore was probably more central than it 
would have been otherwise. Densities for the 
three relative humidities did not differ appreci- 
ably. They were 7.1, 7.6, and 7.5, respectively. 

When the humidity is increased to near the 
saturation point the larvae tend to leave the 
medium and feed only on its surface, with many 
the glass and dving partlv 


mean 


least 


of them crawling on 
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from starvation and partly from disease. Pupa- 
tion, when it does occur under those conditions, 
is almost always on the wall of the vial, quite 
distant from the medium cylinder and verv 
often occurs at the mouth of the vial in the 
cotton plug. 

Investigating the effect of moisture content of 
the medium on pupation site, we became inter- 
ested in determining at what stage in the develop- 
ment of the larvae the eventual pupation site 
pattern was determined. In order to do this 
several transfer experiments were set up in which 
larvae originally reared in very dilute medium, 
which ordinarily would induce complete peripher- 
alitv, were transferred at various ages to normal 


PROBIT 


EXPRESSED AS 





Effect of water content of medium on 
pupation site 


Pas. 3. 


Drosophila medium. While in our first experi- 
ment the effect of water content in the medium 
appeared to be cumulative, in that the more time 
spent on moist medium the greater would be the 
peripherality, we were unable to confirm these 
results in subsequent experiments. Because of 
the great amount of effort required in transferring 
larvae, we were unable to engage in the extensive 
series of experiments which would presumably be 
required in order to confirm these relations one 
wav or the other 


EFFECTS OF CROWDING 
Fifty-two vials were seeded with numbers of 
eggs increasing from 6 to 56 eggs (there was 
duplication of the vial for 37 The total 
number of pupae in a vial was regarded as the 
density of the vial. This realized density was on 
the average 1.7 individuals lower than the 
intended density per vial. Most of this dif- 
ference occurred in the denser vials, some of 
which had a difference of 4-6 flies per vial. 
Figure 4 shows the results of this experiment 
as a scattergram. The pupation sites are plotted 
on a probit A weighted linear regression 
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eggs). 


scale 
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(6= —.0262) of probit peripherality on density 
was significant at P<.001. 

When the densities from 1 to 10 are examined 
over a large series of experiments we are unable 
to establish any relation between density and 
pupation site. From the analysis performed 
above it is not unreasonable to expect that the 
response of the dependent variable over a range 
of 10 in the independent variable would be so 
slight as to be overlooked. While it can be 
concluded that at a higher density level the larvae 
tend to pupate more centrally, at the density 
level considered in this study there appears no 
relation between pupation site and density. 


Table 4. 


Sex and pupation site. 
Pooled Data 


Peripheral 


Central Pupae Pupae 


1059 
1088 
2147 


7 #457 602 
2 #507 581 
#964 1183 
d.f. 
Total x? 4 
Pooled x l 
Heterogeneity x’ 3 


SEX RELATED TO PUPATION SITE 


In an attempt to determine whether the males 
and females had different preferences for pupation 
sites a series of experiments were set up using the 
BS-Canton strain. Pupation site readings were 
taken from standard vials which had been seeded 
with 10 eggs each. After all flies had pupated 
and pupation site assavs had been made, the 
pupae were transferred to holding bottles in 
which the peripheral pupae were segregated from 
the rentral pupae, to await emergence of the 
adults. In this manner we were able to obtain 
sex ratios of flies from peripheral and central 
pupae. The results of four separate experiments 
did not differ appreciably, as can be seen from the 
x? table (lower part of table 4). The data are 
therefore pooled and presented in the upper part 
of table 4. It appears that the sex of the indi- 
vidual larva does not influence its site of pupation. 
While there are slightly fewer males in this study 
than females, a simple x? analysis of the sex ratio 
based on a 1:1 hypothesis does not show a 
significant deviation from the expected 
proportions. 


EFFECT OF TIME OF PUPATION 

It has been our long-term observation that the 
first larvae to pupate in a vial tended to do so 
peripherally, while the pupae formed later tended 
to be in the center of the vial. We were able to 
test this hypothesis by analyzing a series of read- 
ings (including 11 out of 27 generations) in the 
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COSU-1 strain in which both time of pupation 
and pupation site had been recorded. The pupae 
were segregated into those pupating “early” 
and those pupating “late’’. The first third of 
the larvae pupating in one vial were considered 
“early”, the second third “intermediate” (and 
ignored), and the final third were considered 
“late’’. The respective probits of the mean per- 
cent peripheral pupation are shown in table 5. 
The table shows clearly that the “early’”’ larvae 
pupated considerably more peripherally than the 
“late” larvae. The difference is highly significant 
statistically when tested by Wilcoxon’s matched- 
pairs signed-rank test (Siegel 1956). These re- 
sults can be substantiated by numerous other 
observations on related strains. 


LN3983d 


SSEO AS PROBIT 


EXPRE 
WS aHdidad 


a0 


DENSIT 


Fic. 4.—Effect of larval density on pupation site. 

Further proof of these relations can be found in 
another experiment, performed in two replicates, 
where pupation site readings were taken on 
successive days on the same vials. Thus the 
reading on the second day includes the pupae 
already found on the first day plus anv pupae 
that have been formed since the last reading. 
In the first replicate the probit peripherality on 
successive days changed from 5.27 to 5.12 to 
5.17, while in the second series the probits de- 
creased as follows on successive days: 5.54, 5.22, 
5.14, aks. 

Three hypotheses were considered in interpret- 
ing the significance of this phenomenon. First 
of all it may be argued that the later pupating 
larvae find less opportunity for going to the 
periphery, since portions of the periphery are 
already occupied by previously formed pupae. 
This would seem to us to be a minor factor since 
the proportion of the periphery already occupied 
would be but a small segment of the circumference 
of the vial. A second hypothesis, which seems 
more reasonable, is that the medium dries with 
time and that later pupating larvae, confronted 
with drier medium, seek out the moister portions 
of the medium cylinder, which are almost always 
central. Our previously quoted results on age 
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of medium related to pupation site would tend 
to contradict this. We have been unable to find 
that medium as 10 days produces an 
appreciably lower percent peripheral pupation. 
However, these experiments were not exactly 
comparable to the present ones. Ageing of 
medium inhabited by larvae, with the con- 
sequent tunnelling through the medium, may 
produce considerably more dehydration than 
ageing of unoccupied medium. A third hypoth- 
esis might be that there is a genetic correlation 


old as 


Table 5.—Effect of time of pupation 


on pupation site 


Percent peripheral pupation 
expressed as probits 


“‘Late’* 
pupae 


‘“‘Early” 


Generation pupae 


22 
70 
12 


5.06 } 

90 4 

05 4 

09 4.09 
17 4 33 
59 5.17 
43 4.60 
20 4.49 
46 4 48 
45 4.35 
77 4 46 


4 


Difference between pupation times 
significant at P< < .01. 


between time of pupation and site of pupation 
We have no evidence to support this point of 
view since flies selected for differences in pupation 
site showed no appreciable differences in length 
of larval period, while, conversely, flies selected 
for differences in larval period showed no ap- 
preciable differences in pupation site 


DURATION OF AUTOCLAVING 
Each of four batches of medium was autoclaved 
for increasing periods of time (10, 20, 40 and 60 


INTRODUCTORY 
Wm. C 
pp. 1-65 


LABORATORY MANUAL FOR 
ENTOMOLOGY, by CuiirrorD J. DENNIs. 
Brown Co. Publishers, Dubuque, Iowa. 
1959. Spiralbound. $2.00. 

The author, who is associate professor of biology at 
East Central State College, Ada, Oklahoma, has 
attempted ‘‘to present essentials without burdensome 
detail’’ for laboratory work in general, introductory 
entomology. There are 12 chapters, the first on collect- 
ing, mounting, preserving and examining insects. Sub- 
sequent chapters are entitled Insects and Related 
Arthropoda, External Anatomy, Mouthparts, Antennae, 
Legs, Wings, Internal Anatomy, Life Cycles, Insect 
Groups, Ecology, and Insect Control. One laboratory 
period would presumably be devoted to each chapter 
except for the one dealing with ecology. This is sub- 
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minutes) at 1S pounds pressure. The resulting 
probits of the mean percentages of peripherality 
for these lengths were 5.55, 5.66, 5.58 and 5.33, 
respectively. These differences are not significant 
(LSD =.387) and it was therefore concluded that 
the length of time medium is autoclaved, within 
these limits, did not have an effect on pupation 
site. 
POSTSCRIPT 


In recounting the effect of a given environ- 
mental factor on pupation site some caution must 
be used in generalizing the nature of its action. 
Thus the effect of moisture content of the medium 
has been investigated by Schlager (1959) on two 
genetically different lines of Drosophila melano- 
gaster. The clear and characteristic increase in 
peripheral pupation which was reported in the 
present paper was found in only one of the two 
strains examined. The second strain exhibits a 
marked resistance to being forced on to the 
periphery. There is therefore a very real 
possibility of gene-environment interaction in 
data of this sort 
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into 16 exercises which consist largely of field 
Appendices deal with materials required and 
insect collections. The author believes drawings should 
not be required. Excellent drawings are provided in 
the manual, but it appears that students are not expected 
to furnish labels. The chapter dealing with classifica- 
tion calls for completing a table characterizing the 
insect orders without necessarily referring to specimens. 
There appear to be very few inaccuracies or typographical 
errors in this manual. Most college courses in intro- 
ductory entomology traditionally demand more work by 
students than the work indicated in the manual. In 
many secondary school laboratories insects are studied 
more thoroughly than in a college laboratory depending 
exclusively on Professor Dennis’ book. 

WiLuraM E. BICKLEY, 

University of Maryland 
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ABSTRACT 


The 19 forms listed include seven new species, one new 
subspecies, and a new genus. The new forms and their 
hosts are: Leeuwenhoekia vercammeni off spiny pocket 
mouse, Heteromys d. desmarestianus; Odontacarus mas- 
tigophorus off cottontail, Sylvilagus floridanus chiapensis; 
Whartonia womersleyi off pouch-winged bat, Balantio- 
pteryx io; PERATES insessus off leaf-lipped bat, 
Chilonycteris r. rubiginosa; Trombicula (L.) panamensis 


Material for this first and meager assemblage 
of chiggers of Guatemala, indeed of Central 
America, was obtained principally from two 
sources. The junior author was responsible for 
all collections from Chimaltenango, except one, 
and the Chicago Natural History Museum for 
the remainder of Guatemalan specimens. In the 
latter case collectors were Luis de la Torre, R. D. 
Mitchell, and R. L. Wenzel. 

In considering the few localities and host 
species recorded, obviously the 19 forms reported 
here represent but the merest fragment of the 
species in this Central American area of such 
diversified topography and habitats. 

KEY TO SPECIES 
Leg segmentation 6-6-6; spiracles and tracheae 
present; 6 scutal setae; 2 coxal I setae 
segmentation 7-7-7 or 7-6-6; spiracles and 
tracheae absent; 5 or 3 scutal setae; 1 coxal I 
seta 
Cheliceral blades with rows of teeth 
Cheliceral blades without rows of teeth 
Leeuwenhoekia vercammeni 
Scutum with anteromedian projection 4 
Scutum without anteromedian projection cae 
Mastitarsala and mastitibiala III; no tarsala III; 
sensillae branched Odontacarus mastigophorus 
No Mastitarsala and mastitibiala III; a tarsala IIT; 
sensillae nude Odontacarus bakeri 
(3.) A tarsala III; scutum shallow, about four times 
wider than long Whartonia nudosetosa 
No tarsala III; scutum deep, not two times wider 
than long Whartonia womersleyi 
(1.) Sensillae flagelliform a, 
Sensillae expanded 12 
Mastifemorala I present; cheliceral blades with 
distal series of minute teeth; AL’s nude ; 
Perates insessus 
Mastifemorala I absent; cheliceral blades without 

series of teeth ; 8 
PL’s extrascutal Tecomatlana sandovali 
PL’s intrascutal 9 
AL's peg-like Fonsecia anguina 
AL’s normal 10 
Palpal claw trifurcate 

Leptotrombidium panamensis hamaxiaia 
Palpal claw bifurcate I 


Leg 
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hamaxiaia off cottontail, Sy/vilagus floridanus chiapensis; 
Euschéngastia desmodus off vampire bat, Desmodus 
rotundus; Euschéngastia libertatis off wood rat (no further 
identification); Euschéngastia precaria off vampire bat, 
Desmodus rotundus. A key is provided to the species 
listed. An error in the original description of Neoschén- 
gastia dalmati Brennan is corrected, and additional de- 
scription and illustration for Whartonia nudosetosa (Whar- 
ton) are given. 


Mastitibialae III Eutrombicula batatas 
No mastitibialae III Eutrombicula alfreddugesi 
(6.) PL’s extrascutal 13 
PL’s intrascutal .14 
Two genualae |. ..Pseudoschéngastia guatemalensis 
Three genualae I Pseudoschongastia audyi 
(12.) Dorsal striae form a pattern on submerged 
scutum; on birds... . : ; : eke 
Dorsal striae not encroaching on scutum; on 
mammals oh 
Coxa III with one seta; galeal seta nude 
Neoschongastia dalmati 
Coxa III with more than one seta; galeal seta 
branched. .. Neoschéngastia americana 
(14). A mastitarsala III; palpal claw bifurcate. . 
Euschongastia nufiezi 
No mastitarsala III; palpal claw trifurcate 5 sae 
Coxa III with three setae; no tibiala III; sensillae 
posterior to PL’s Euschoéngastia libertatis 
Coxa III with one seta; a tibiala III; sensillae an- 
terior to PL’s ae 
Two genualae I; genualae II and III absent 
Euschéngastia desmodus 
Three genualae I; genualae II and III present.... 
Euschoéngastia precaria 


RECORDS AND DESCRIPTIONS 


Leeuwenhoekia (Leeuwenhoekia) vercammeni, 
new species 
Fig. 1 

Type Data.—Holotype and two paratypes in 
poor condition, RML No. 31466, off Heteromys 
d. desmarestianus (spiny pocket mouse), Yepo- 
capa, Chimaltenango, 11 May 1948, Luis de la 
Torre, collector. 

Holotype in the 
Museum, paratypes in 
Laboratory. 

Diagnosis.—We have not seen the only other 
species of the subgenus and generotype, L. verduni 
(Oudemans 1910), a Brazilian form known only 
from the holotype. Based on redescriptions by 
Oudemans (1912) and Fuller (1952), ZL. vercam- 
meni is distinguished by two genualae I and 
many more and shorter dorsal setae, none of 
which arise from tubercles. The presence of 
spiracles and tracheae easily separates sub- 
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genus Leeuwenhoekia from the other subgenus 
Comatacarus. 

Body.—Ellipsoidal. Length of holotype, en- 
gorged, 745 microns. Eyes not found. Anus 
between third and fourth rows of ventral setae 
Spiracles conspicuous; tracheae traceable for 
about half their cours« 


rcammentn. sp. Scutum and 


microns 


Leeuwenhoekia ve 
1easurements in 


Fic. 1 


specialized setae of legs, n 


Gnathosoma.—Cheliceral bases and capitular 
sternum punctate. Blades with tricuspid cap 
Palpal setae: B/B/NNB, the femoral and gen- 
ual very long, thick and densely barbed. Claw 
five-pronged. Palpal tarsus with seven branched 
setae and a tarsala. Galeal seta branched 

Scutum.—Fairly deep, wider than long with 
rounded posterior margin. Anteromedian pro- 
jection short, anterolateral angles strongly pro- 
duced. Puncta not discernible. Sensillary bases 
widely separated and far behind level of PL’s 
AM’s behind AL’s. Sensillae broken, but re- 
maining stubs suggest that they are much thinner 
than scutal setae. Scutal measurements: AW~-94, 
PW-102, SB-40, ASB-43, PSB-20, AP-28, AM 
36, AL-40+, PL-55+,5 

Legs.—Indistinctly punctate. Specialized se- 
tae: Leg I—two fairly long genualae, micro- 
genuala; two tibialae, microtibiala; tarsala, micro- 
tarsala, pretarsala. Leg II—genuala, micro- 
genuala; two tibialae; tarsala, microtarsala, pre- 
Leg III—genuala; tibiala. Branched 
setae: Leg I—coxa 2, trochanter 1, femur 6, 
genu 4, tibia 8, tarsus 24. Leg II—coxa 1, 
trochanter 1, femur 6, genu 4, tibiae 6, tarsus 18. 
Leg III—coxa 1, trochanter 1, femur 5, genu 4, 
tibia 6, tarsus 14. All tarsi with paired claws 
and a slender empodium 

Body Setae.—Dorsal 


tarsala 


44 to 55 microns 


setae, 
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long, humerals plus 60 to 70. Ventral setae 2 
sternals plus more than 50. 

Leeuwenhoekia (L.) vercammeni is named for 
Dr. P. H. Vercammen-Grandjean, whose needful 
studies of African chiggers have further illumi- 
nated the Dark Continent. 


Odontacarus bakeri (Hoffmann 

Acomatacarus bakeri Hoffmann 1951, p. 31 

Dept. Jalapa: From Peromyscus guatemalensis, 
21 March 1952, 11 specimens identified; Reithro- 
dontomys sp., 20-21 March 1952, 7. 

Also known from P. truei, Mexico, 
whence it was described, and from 
tavlori, same location 


. Fs 


Baiomys 


aa, ee me ————$———————— 


Odontacarus mastigophorus n. sp. Scutum and 


measurements 1n microns 


Fic. 2. 
specialized leg setae, 


Odontacarus mastigophorus, new species 
Fig. 2 

Type Data.—Holotype and three paratypes, 
RML No. 29888, off unidentified bird (‘“‘chicka- 
roo”’), Acatenango, 30 March 1951; 27 paratypes, 
RML No. 29908, off Sylvilagus floridanus chiapen- 
sis (cottontail), Finca Armenia; one paratype, 
RML No. 29869, off unidentified wood rat, 28 
April 1951, Aldea Los Plantes; Acatenango, 
Chimaltenango. 

Holotype and some paratypes in the Rocky 
Mountain Laboratory; other paratypes in the 
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United States National Museum, the British 
Museum (Natural History), the South Australian 
Museum, and the Chicago Natural History 
Museum 

Diagnosis.—The only American species of the 
genus with a mastitibiala ITI. 

Body.—Oval to ellipsoidal. Length and width 
of holotype, unengorged, 240 by 155 microns. 
Eyes 2/2, in a plate. Anus between second and 
third rows of ventral setae. 

Gnathosoma.—Few and indistinct puncta on 
cheliceral bases and capitular sternum. Blades 
subapically with a row of five conspicuous dorsal 
teeth and three or four smaller ventral teeth. 
Palpal setae all sparsely branched. Claw tri- 
furcate. Palpal tarsus with five sparsely branched 
setae and a tarsala. Galeal seta branched 


—— 


: al inion 


ods Pee PE roe! 


Fic. 3.—Whartonia nudosetosa (Whartor 
blade, scutum, specialized leg setae with measurements 
In micron 


Cheliceral 


, and palpal tibial claw 


Scutum.—Deep, indistinctly punctate, some- 
what wider than long, with rounded posterior 
margin. Anteromedian projection long. Sen- 
sillary bases about in line with PL’s and sepa- 
rated by about the distance of either to its cor- 
responding PL. Sensillae branched on apical 
third. AM’s slightly posterior to level of AL’s 
which are set back from margin. Scutal measure- 
ments of holotype: AW-58, PW-70, SB-21, 
ASB-23, PSB-21, AP-22, AM-24, AL-32, PL 
36, S-50. 

Legs.—Punctate. Specialized setae: Leg | 
one genuala, blunt microgenuala; two short 
tibialae, microtibiala; short tarsala, microtarsala, 
subterminala, no parasubterminala, pretarsala. 
Leg II—no genuala, minute microgenuala; two 
short tibialae; tarsala, microtarsala, pretarsala 
Leg II1I—no genuala; no tibiala, a mastitibiala; a 
mastitarsala. Branched setae: Leg I—coxa 2, 
trochanter 1, femur 6, genu 4, tibia 8, tarsus 22. 
Leg II—coxa 1, trochanter 1, femur 5, genu 4, 
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coxa 1, trochanter 1, 
All tarsi with 


tibia 6, tarsus 16. Leg III 
femur 4, genu 4, tibia 5, tarsus 12. 
paired claws and empodium. 

Body Setae.—Dorsal setae similar to scutal 
setae, 26 to 32 microns long, increasing in length 
posteriorly, 2 humerals plus about 50. Ventral 
setae, 2 sternals plus about 30. Postanals similar 
to dorsals. 


Whartonia nudosetosa (Wharton) 
Fig. 3 
Hannemania nudosetosa Wharton 1938, p. 142. 

Dept. Alta Vera Paz: 
spicillata azteca, 10 June 
identified. 

Type series off Artibeus jamaicensis yucatanicus 
and Peropteryx c. canina from cave near 
Oxkutzcab; Yucatan. Also recorded from Macro- 
tus sp., Jamaica, and from Nycteris borealis mexi- 
cana and unidentified bat, Puebla, Mexico. 

WW’. nudosetosa is refigured especially to show 
the specialized leg setae and the proportion of 
cheliceral blade to palpal tibial claw (both shown 
at same scale). 

The scutal and body setae are not actually nude 
as the name and original description indicate, 
although superficially they do seem barbless 
However, the jagged sides of the setae strongly 
suggest minute, broken, or vestigial barbs. The 
very shallow scutum has indistinct puncta and is 
about four times wider than Scutal 
measurements of a Guatemalan specimen are: 
AW-145, PW-164, SB-57, ASB-33+, PSB-11=, 
AP-26, AM-S88, AL-67, PL-68. The sensillae 
are nude. The palpal claw is five-pronged as 
figured; palpal femoral, genual and dorsotibial 
setae with few nearly indiscernible barbs, latero- 
and ventrotibial setae appear to be nude, the 
ventral is very small and delicate in comparison 
to the others; palpal tarsus has seven setae (some 
seemingly nude) and a tarsala. Galeal seta with 
one or two faint barbs. There are about 30 
dorsal setae. Spiracles and tracheae are obvious 


From Carollia  per- 
1948, eight specimens 


lor Oo 
LOl1NY. 


Whartonia womersleyi, new species 
Fig. 4 

Type Data.—Holotype and three paratypes, 
RML No. 34056, off Balantiopteryx io (pouch- 
winged bat), Cueva de Lanquin, Lanquin, Alta 
Vera Paz, 31 May 1948. 

Holotype and a paratype in 
Natural History Museum, other 
the Rocky Mountain Laboratory. 

Diagnosis.—Tarsala IM absent, sensillae nude, 
sub- and parasubterminala present, cheliceral 
blade with one prominent dorsal tooth. 

Body.—Broad-ellipsoidal. Length and width 
of holotype, engorged, 980 by 660 microns. Eyes 
not readily discernible, apparently 2/2. Anus at 
fourth row of ventral Spiracles and 
tracheae not found 


the Chicago 
paratypes in 


setae. 
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Cheliceral bases and capitular 
sternum indistinctly punctate. Blades with a 
very large subapical dorsal tooth and a ventral 
row of many teeth, minute at tip but becoming 
much larger basally. Palpal setae: B/B/BNB, 
branching very sparse. Claw with perhaps five 
prongs aj ically and a row of more delicate ones 
on inner dorsal surface, giving a pectinate ap- 
pearance to the claw. Palpal tarsus with seven 
setae (difficult to determine whether branched or 
nude) and a tarsala. Galeal seta branched. 


Gnathosoma. 


OE a ae 


ea 


aes womersleyi n. sp. Scutum, cheli 
yalpal tibial claw, and specialized setae o 
ae vents in microns. 


TE 


Fic. 4. 
ceral blade, 
legs with mez 


, sparsely punctate, wider 
than long, posterior margin broadly curved. 
Sensillary bases about in line with PL’s. Sen- 
sillae nude, or apparently so. AM’s and AL’s 
nearly marginal and in line. AM’s somewhat 
thicker than other scutal setae. Scutal measure- 
ments of holotype: AW-83, PW-88, SB-30, 
ASB-40, PSB-22, AP-33, AM-72, AL-61, PL 
61,5 

Legs.—Specialized Leg I 
genualae, microgenuala; two tibialae, the proximal 
blunt, the distal acuminate, microtibiala; long 
tarsala, microtarsala, very long sub- and para- 
subterminala, pretarsala. Leg I]—genuala; two 
tibialae; tarsala, microtarsala, pretarsala. Leg 
IlI—very long genuala; very long. tibiala. 
Branched setae: Leg I—coxa 2, trochanter 1, 
femur 6, genu 4, tibia 8, tarsus 16. Leg II 
coxa 1, trochanter 1, femur 5, genu 4, tibia 6, 
tarsus 14. Leg III—coxa 1, trochanter 1, femur 


Scutum.—Fairly deep 


setae: two long 
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4, genu 4, tibia 6, tarsus 12. All tarsi with paired 
claws and a slender empodium. 

Body Setae.—Dorsal setae about 52, arranged 
approximately in four rows of 10 each plus about 
12 irregularly placed in posterior region, 58 to 68 
microns long. Ventral setae 2 sternals plus about 
50, the postanals longer, otherwise like the 
preanals. 

Whartonia womersleyi is named for Mr. H. 
Womersley, South Australian Museum, who re- 
cently first recorded and described a member of 
the genus from Malaya, the third species known 
from the Oriental region. 


Fonsecia anguina Brennan and Loomis 
Fonsecia anguina Brennan and Loomis 1959, p. 61. 


Dept. Chimaltenango: From _ unidentified 
snake, 12 November 1944, three specimens only. 
No records other than the type series 


nm 


eee — i? 


7, 


Fic. 5.—Perates 
scutum, specialized leg setae 
microns, ar tibial claw 


nd palpal 


insessus n. sp. Cheliceral blade, 
with measurements in 


Perates, new genus 


Trombiculid larvae of subfamily Trombiculinae 
Femoral divisions poorly defined, thus leg seg- 
mentation can be in iterpreted as 6-6-6. Cheli- 
ceral blades short, upcurved sharply, with series 
of minute teeth distally. Palpal tibial claw 
bifurcate to base. Palpal tarsus with seven 
apparently nude setae and a small tarsala. Sen- 
silligerous area of scutum an elevated promir: 
Sensillae flagelliform. Leg I with a mastifemorala 

Type Species.—Perates insessus, n. sp. 

Perates from Greek, ‘‘wanderer’’, as interpreted 
in the taxonomic sense for an “‘unsettled”’ (Latin, 
insessus) form relative to subfamilial assignment 





1960] Brennan and Dalmat: 
Perates insessus, new species 
Fig. 5 

Type Data.—Holotype and two _ paratypes, 
RML No. 34058, off Chilonycteris r. rubiginosa 
(leaf-lipped bat), Finca San Luis, Escuintla, 6 
August 1951. 

Holotype in the 
Museum, paratypes 
Laboratory. 

Diagnosis.—Leg segmentation apparently 6-6 
6. A mastifemorala I; three genualae I; no sub- 
or parasubterminala. Cheliceral blades with 
apical series of fine teeth. Palpal claw bifurcate, 
the long accessory prong dorsoexternal. Sensillae 
nude. AL’s nude, AM and PL’s branched. 

Body.—Ellipsoidal. Length and width of holo- 
type engorged, 1050 by 720 microns. Eyes 
prominent, 1/1. Anus at fourth row of ventral 
setae. 

Gnathosoma.—Cheliceral bases and capitular 
sternum punctate. Blades abruptly upcurved, 
short, with subapical ventral row of minute 
teeth. Palpal setae nude. Palpal claw with 
two prongs, each arising from the base, the 
dorsoexternal one smaller. Palpal tarsus with 
seven apparently nude setae and a small tarsala. 
Galeal seta nude. 

Scutum.—Roughly rectangular, punctate, little 
wider than long, with incurved lateral and pos- 
terior margins, anterior margin not discernible. 
Sensillary bases very large, far anterior to level of 
posterolateral setae; entire sensilligerous area an 
elevated prominence; sensillae nude. AL’s nude, 
posterior to sparsely branched AM; PL’s with 
few branches. Scutal measurements of holotype: 
AW-30, PW-35, SB-17, ASB-19+, PSB-15, 
AP-29, AM-23, AL-27, PL—40, S-50. 

Legs.—Specialized setae: Leg I—a _ mastife- 
morala; three genualae, microgenuala; two tibi- 
alae, microtibiala; tarsala, microtarsala, pre- 
tarsala. Leg II]—genuala; two tibialae; tarsala, 
microtarsala, pretarsala. Leg III]—genuala; ti- 
biala. Branched setae: Relatively short, with 
few long branches. Leg—I coxa 1, trochanter 1, 
femur 5, genu 4, tibia 8, tarsus 20. Leg II—coxa 
1, trochanter 1, femur 5, genu 3, tibia 6, tarsus 14 
Leg I1I—coxa 1, trochanter 1, femur ?, genu ?, 
tibia 6, tarsus 12. All tarsi with paired claws and 
an empodium. 

Body Setae.—About 28 dorsal setae, 28 to 50 
microns long, anterior and medial ones short and 
with few long branches; posterior and lateral ones 
long with shorter and more barbs. Ventral setae 
2~2 sternals plus about 24 


Natural 
Rocky 


History 
Mountain 


Chicago 
in the 


Tecomatlana sandovali Hoffmann 
Tecomatlana sandovali Hoffmann 1947, p. 452. 
Dept. Alta Vera Paz: From Balantiopteryx io, 
31 May 1948, one specimen only. 
Type from undetermined bat, Puebla, Mexico. 
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Other published records from Balantiopteryx 
ochoterenai and Nycteris borealis mexicana, same 
state. 

NEw Recorps: Mexico—MoreE.os: B. plicata, 
18 August 1950, 12 specimens; VERA Cruz:  B. 
plicata, 16 October 1950, 16; G. W. Wharton col- 
lector. United States—ARIZONA: Pima County, 
Macrotus californicus, 15 November 1958, 4; col- 
lected by Anthony Ross, University of Arizona. 


hamaxiaia n. subsp. 
measurements in 


Fic. 6.—Trombicula panamensis 
Scutum and specialized setae of legs, 
microns. 


Trombicula (Eutrombicula) alfreddugesi 
(Oudemans) 


Microthrombidium alfreddugest Oudemans 1910, p. 84. 


Dept. Chimaltenango: From 96 unidentified 
lizards, July 1949 to October 1951, 488 specimens 
identified. Two Ameiva undulata parva, 16 June 
1949, 29; Corythophanes sp., 13 July 1949, 1; two 
unidentified snakes, 12 November 1949, 16; two 
bluebirds, 5 and 25 July 1951, 12; owl, 30 May 
1952, 5; Momotus 1. lessonii, 16 June 1949, 52; 
Cissilopha m. melanocyanea, 18 November 1949, 
15; two unidentified birds, 2 December 1949, 21 
September 1951, 7; five wood rats, 11 August 
1950, 27 April to 26 June 1951, 20; Sciurus d. 
deppei, 29 September 1951, 11; S. g. griseoflavus, 
7 December 1949, 3. 

Other innumerable records of this common 
human chigger from amphibians, reptiles, birds, 
and mammals, southern Canada to Argentina and 
the Antilles 
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Trombicula (Eutrombicula) batatas 
(Linnaeus) 


Acarus batatas Linnaeus 1758, p. 617. 


Dept. Chimaltenango: From two Zonotrichia 
capensis septentrionalis, 11 July and 13 August 
1951, 2 specimens identified; Cuissilopha mm. 
melanocyanea, 18 November 1949, 3; unidentified 
bird, 27 September 1951, 1; wood rat, 25 May 
1951, 1. 

Numerous other records from reptiles, birds, 
and mammals, midwestern United States to 
northern South America and the Antilles. 


Trombicula (Leptotrombidium) panamensis 
hamaxiaia, new subspecies 
Fig. 6 

Type Data.—Holotype and 11 paratypes, RML 
No. 29908, off Sylvilagus floridanus chiapensis 
(cottontail), Finca Armenia, Acatenango, Chi- 
maltenango, 27 February 1951. 

Holotype and some paratypes in the Rocky 
Mountain Laboratory; other paratypes in the 
United States National Museum, the British 
Museum (Natural History), and the South Aus- 
tralian Museum. 

Diagnosis. —This form is similar to the typical 
subspecies but is much larger and has propor- 
tionately larger structures. 

Body.—Broad-ellipsoidal. Length and width 
of holotype, nearly engorged, 745 by 505 microns. 
Eyes 2/2, ina plate. Anus at level of fourth row 
of ventral setae. 

Gnathosoma.—Cheliceral bases and capitular 
sternum densely punctate. Blades with tricuspid 
cap. Palpal setae N/N/NNN. Claw trifurcate. 
Palpal tarsus with seven branched setae and a 
tarsala. Galeal seta heavily branched. 

Scutum.—Little more than twice as wide as 
long, subrectangular with sinuous posterior mar- 
gin, punctate as figured. Sensillary bases nearly 
at level of PL’s. Sensillae heavily branched on 
apical half and minute barbs to the base. AM 
posterior to AL’s. Setae heavily barbed. Scutal 
measuremen‘: of holotype: AW-84, PW-97, 
SB-33, ASB-32, PSB-15, AP-31, AM-47, AL 
48, PL-71, S-84. 

Legs.—Punctate. Specialized setae: Leg I 
two genualae, microgenuala; two tibialae, micro- 
tibiala; tarsala, microtarsala, sub- and parasub- 
terminala, pretarsala. Leg II—genuala; two 
tibialae; tarsala, microtarsala, pretarsala. Leg 
Il1I—genuala; tibiala. Branched setae: Most of 
them long and plumose. Leg I—coxa 1, tro- 
chanter 1, basifemur 1, telofemur 5, genu 4, tibia 
8, tarsus 16. Leg II—coxa 1, trochanter 1, basi- 
femur 2, telofemur 4, genu 3, tibia 6, tarsus 12. 
Leg III—coxa 1, trochanter 1, basifemur 2, telo- 
femur 3, genu 3, tibia 6, tarsus 10. All tarsi with 
paired claws and slender empodium. 

Body Setae.—Dorsal formula: 2-8-6-H-4-2. 
Seta 50 to 66 microns long. Ventral setae 2-2 
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sternals plus about 30, the postanals like the 
dorsal setae. 

The cumbersome name for a cumbersome form 
is derived from the Greek hamavyiaios, “large 
enough to fill a wagon.” 


Fic. 7.—Euschéngastia desmodus n. sp. Scutum and 


specialized leg setae, measurements in microns. 


Euschongastia desmodus, new species 
Fig. 7 

Type Data.—Holotype and three paratypes, 
RML No. 30447, off Desmodus rotundus (vampire 
bat), Yepocapa, Chimaltenango, 5 April 1952; 
two paratypes, RML No. 30446, same _ host, 
locality, and date. 

Holotype and two paratypes in the Rocky 
Mountain Laboratory, other paratypes in the 
United States National Museum and the British 
Museum (Natural History). 

Diagnosis.—Distinguished from other American 
species of the genus having two genualae I and 
lacking genualae II and III, by the extremely 
long tibiala III (resembling a _ mastitibiala). 
Specialized leg setae much longer than in Eus 
utahensis Brennan and Beck. 

Body.—Oval. Length and width of holotype, 
nearly engorged, 391 by 227 microns. Eves very, 
large (the anterior about 20 microns in diameter) 
2/2, in a plate. Anus between fourth and fifth 
rows of ventral setae. 

Gnathosoma.—Usual structures punctate. Blades 
with triscuspid cap. Palpal setae: B/B/NNB. 
Claw slender, trifurcate. Palpal tarsus with five 
branched setae, a subterminala and a tarsala. 
Galeal seta nude. 

Scutum.—Wider than long, subrectangular with 
shallow emarginate posterior margin, sparsely 





1960] Brennan and Dalmat: 
punctate. Sensillary bases centered, about equi- 
distant from AL’s and PL’s. Sensillae missing 
from all specimens. AM barely posterior to 
AL’s. Setae strongly branched. Scutal mea- 
surements of holotype: AW-€3, PW-68, SB-22, 
ASB-20, PSB-21, AP-33, AM-36, AL—40, PL 
64,5 

Legs.—Punctate. Specialized setae: Leg | 
two genualae, microgenuala; 2 tibialae, micro- 
tibiala; tarsala, microtarsala, sub- and parasub- 
terminala, pretarsala. Leg II—no genuala; two 
tibialae; tarsala, microtarsala, pretarsala. Leg 
III—no  genuala; exceptionally long tibiala. 
Branched setae: Branches fairly long, sparse. 
Leg I—coxa 1, trochanter 1, basifemur 1, telo- 
femur 5, genu 4, tibia 8, tarsus 16. Leg II 
coxa 1, trochanter 1, basifemur 2, telofemur 4, 
genu 3, tibia 6, tarsus 12. Leg II [—coxa 1, tro- 
chanter 1, basifemur 2, telofemur 3, genu 3, tibia 
6, tarsus 10. All tarsi with paired claws and a 
slender empodium. 

Body Setae.—Dorsal setal formula: 2-6-6-6-4 
plus 8 or 10 irregularly placed posterior setae, 
total 32 to 34, 33 to 50 microns long. Ventral 
setae 2-2 sternals plus about 50, the postanals 
similar to the dorsals. 

Six specimens off Carollia p. perspicillata (short- 
tailed bat), Melajo Forest, Trinidad, B.W.I., 9 
March 1956, have also been identified as Euschén- 
gastia desmodus. One of these has a broken sen- 
silla with tip missing. It is long, broad-lanceolate, 
with long, conspicuous setules and shorter barbs 
half way down the stem. 

Scutal measurements of a Trinidadian speci- 
men: AW-49, PW-65, SB-16, ASB-19, PSB 
20, AP-29, AM-—40, AL-.. , PL—50, S 


Euschongastia libertatis, new species 
Fig. 8 

Type Data.—Holotype and 26 paratypes, RML 
No. 29917, off wood rat (no other identification), 
Aldea Los Plantes, Acatenango, Chimaltenango, 
28 April 1951. 

Holotype and some paratypes in the Rocky 
Mountain Laboratory; other paratypes in the 
United States National Museum, the British 
Museum (Natural History), the South Australian 
Museum, and the Chicago Natural History 
Museum. 

Diagnosis. 1 
setae in front of humerals. 
setae. Palpal claw five-pronged. 
I, no genuala or tibiala III. 

Body.—Broad-oval. Length and width of holo- 
type, engorged, 412 by 350 microns. Eyes 2/2, 
widely separated, about equal size. Anus at 
fourth row of ventral setae. 

Gnathosoma.—Cheliceral bases and capitular 
sternum punctate, the former with fairly promi- 
nent lateral angles. Blades with small tricuspid 
cap. Palpal setae: B/’B/BNB, the femoral and 


An anteriorly curved row of dorsal 
Coxa III with three 
Two genualae 
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dorsotibial heavily branched. Claw with five 
prongs. Palpal tarsus with six branched setae, 
a subterminala and a tarsala. Galeal seta nude. 

Scutum.—Nearly three times wider than long 
with mildly sinuous anterior and posterior mar- 
gins, puncta small and scattered. Sensillary bases 
widely separated, a fold anterior to each, and 
posterior to PL’s. Sensillae obovate with con- 
spicuous setules, more and larger on anterior 
surface, smaller barbules extend more than half- 
way down stem. AM barely posterior to AL’s 
Scutal measurements of holotype: AW-61, PW 
73, SB-28, ASB-20, PSB-12, AP-12, AM-32, 
AL-21, PL-37, S-36. 


FiG. 8.—Euschéngastia libertatis n. sp. Scutum, an- 
terior surface of sensilla left, posterior surface right; 
specialized leg setae with measurements in microns 


Legs——Densely punctate. Specialized setae: 
Leg I—two genualae, fairly long microgenuala; 
two tibialae, the proximal acuminate, the distal 
blunt, microtibiala; tarsala, microtarsala, sub- 
and parasubterminala, pretarsala. Leg II—gen- 
uala; two tibialae; tarsala, microtarsala, pre- 
tarsala. Leg III—no specialized setae. Branched 
setae: Leg I—coxa 1, trochanter 1, basifemur 1, 
telofemur 5, genu 4, tibia 8, tarsus 16. Leg II 
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coxa 1, trochanter 1, basifemur 2, telofemur 4, 
genu 3, tibia 6, tarsus 12. Leg III—coxa 3, 
trochanter 1, basifemur 2, telofemur 3, genu 3, 
tibia 6, tarsus 10. 

Body Setae.—Dorsal setae similar to scutal 
setae, 27 to 32 microns long, one row can be 
interpreted as anterior to humerals; dorsal for- 
mula: S-2-S-8-2-6-6-4, permitting some varia- 
tion. Ventral setae 2-2 sternals plus 30. All 


tarsi with paired claws and a slender empodium 


Euschongastia nufiezi (Hoffmann) 
Neoschéengastia nuiezi Hoffmann 1944, p. 221. 


Dept. Chimaltenango: From Cissilopha mm. 
melanocyanea, 18 November 1949, five specimens 
identified. 

This species was described from larvae taken 
from a human suffering with trombiculosis, 
Mexico, D. F. Later, it was recorded from wild 
turkey, Meleagris gallopavo, Tamaulipas, Mexico. 

As the description of Eus. nufiesi was published 
in the December number of ‘“Revista’’, it is 
highly probable that the species should date from 
1945 instead of 1944. 


Euschéngastia precarian.sp. Scutum and spe- 
measurements in mucrons 


Fic. 9. 
cialized setae of legs, 


Euschongastia precaria, new species 
Fig. 9 

Type Data.—Holotype and two _ paratypes, 
RML 30447, off Desmodus rotundus (vampire 
bat), Yepocapa, Chimaltenango, 5 April 1952; 
three paratypes, RML 30446, same host species, 
locality and date; one paratype, RML No. 
30638, unidentified bat, same locality, 21 July 
1949. 

Holotype and two paratypes in the Rocky 
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Mountain Laboratory, other paratypes in the 
United States National Museum, the British 
Museum (Natural History), and the South Aus- 
tralian Museum. 

Diagnosis.—Palpal claw trifurcate, three genu- 
alae I, sub- and parasubterminala, a tibiala III. 
Easily distinguished from Eus. loomisi Crossley 
and Lipovsky by the much different scutum, 
scutal and dorsal setae, and two humerals. 

Body.—Ellipsoidal. Length and width of holo- 
type, well-engorged, 597 by 405 microns. Eyes 
2/2, in a plate, the anterior larger. Anus be- 
tween fourth and fifth rows of ventral setae. 

Gnathosoma.—Usual structures punctate. Che- 
liceral blades with tricuspid cap. Palpal setae 
long, B/B/NNN. Claw thin, long, trifurcate. 
Palpal tarsus with five-branched setae, a sub- 
terminala and a tarsala. Galeal seta nude. 

Scutum.—Deep, wider than long, small and 
numerous puncta over entire surface; anterior and 
posterior margins sinuous, lateral margins strongly 
incurved; posterolateral angles prominent. Sen- 
sillary bases about midway between AL’s and 
PL’s. Sensillae broken, only a fragment of stem 
with barbs suggests expansion of head. PL’s 
somewhat thicker than anterior setae. Scutal 
measurements of holotype: AW-69, PW-79, 
SB-24, ASB-25, PSB-26, AP-42, AM-53, AL 
42, PL-60, S 

Legs.—S pecialized setae: Leg I—three genu- 
alae, long microgenuala; two tibialae, long micro- 
tibiala; long tarsala, microtarsala, sub- and para- 
subterminala, pretarsala. Leg I]—genuala; two 
tibialae; tarsala, microtarsala, pretarsala. Leg 
IlI—genuala; tibiala. Branched setae: Leg I- 
coxa 1, trochanter 1, basifemur 1, telofemur 5, 
genus 4, tibia 8, tarsus 18. Leg II—coxa 1, 
trochanter 1, basifemur 2, telofemur 4, genu 3, 
tibia 6, tarsus 12. Leg III—coxa 1, trochanter 
1, basifemur 2, telofemur 3, genu 3, tibia 6, 
tarsus 10. All tarsi with paired claws and an 
empodium. 

Body Setae.—Dorsal setae similar to posterior 
scutal setae, 33 to 55 microns long, the shorter 
ones posterior, 2 humerals plus about 50, arranged 
approximately 2—)-6-4-8-8-6-6 Ventral 
setae 2-2 sternals plus about 50. 

Not considering the sensillae, Eus. precaria has 
the appearance of a Trombigastia. However, in 
Trombigastia the palpal tarsus has seven branched 
setae and a tarsala. 


Neoschoéngastia americana (Hirst) 


Schéngastia americana Hirst 1921, p. 37. 


Dept. Chimaltenango: From Momotus les- 
sonti, 16 June 1949, 25 specimens identified; un- 
identified bird, 30 March 1951, 10. 

A widespread bird chigger (known also from 
rabbits and lizards) recorded from United States, 
Mexico, and Jamaica. Subspecies solomonis off 
various birds from Japan and other Pacific 
Islands 
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Neoschoéngastia dalmati Brennan 
Neoschéngastia dalmati Brennan 1951, p. 579. 


Dept. Chimaltenango: Holotype and _ three 
other specimens off Momotus lessonii, 16 June 
1949, Yepocapa. 

Mexican records, hitherto unpublished, are: 
COAHUILA: Reithrodontomys sp., 8 December 
1949, one specimen; GUERRERO: Momotus sp., 
1 November 1950, two; MICHOACAN: Momotus 
sp., 10 and 11 August 1950, 15; G. W. Wharton, 
collector. 

Leg I of NV. dalmati has three genualae, not two 
as originally described 


Pseudoschongastia audyi Brennan and Jones 
Pseudoschéngastia audyi Brennan and Jones 1959, p. 423 

Dept. Sacatepequez: Type series of 10 speci- 
mens off Peromyscus g. guatemalensis, Finca San 
Rafael, 23 June 1948. 

Records of this species in Mexico are: GUER- 
RERO: Liomys irroratus, 2 November 1950, 38 
specimens; JALIsco: Baiomys sp., 2 December 
1950, 2; MIcHOACAN: Liomys pictus, 10 August 
1950, 2; MoRELOs: Oryzomys couesi, 18 August 
1950, 1; VERA Cruz: SBaiomys musculus and 
Reithrodontomys sp., 12 October 1950, 4; G. W 
Wharton, collector. 


Pseudoschongastia guatemalensis Brennan 
Pseudoschéngastia guatemalensis Brennan 1952, p. 136. 


Dept. Chimaltenango: Type series of six 
specimens and two additional ones mounted later 
off Sylvilagus floridanus chiapensis, Acatenango, 
27 February 1951. 

Mexican records are: COAHUILA: Neotoma 
sp. and Peromyscus sp., 8 and 9 December 1950, 


2 specimens; MICHOACAN: Liomys pictus, 10 


5. COC 
SCHMUTTERER 
Fischer, Jena, 


DIE TIERWELT DEUTSCHLANDS 
COIDEA I. Diaspididae by H. 
Giessen). Published by Gustav 
1959, 260 pp. illus. 

This work appears to present a thorough treatment of 
the German armored scale fauna, discussing and illustrat- 
ing in considerable detail the 59 species reported by the 
author to be present in the area involved, plus a few 
additional species that are believed to be present, 
although not yet actually reported. The introductory 
portion of the paper presents a fairly detailed discussion 
of diaspid external and internal anatomy, and of the 
different developmental stages. Relatively brief sections 
on geographic distribution, economic importance and 
methods of collecting and preserving coccid specimens 
tor study are included. 

The detailed systematic treatment of the included 
diaspid coccids is preceded by a brief discussion and a 
key covering the 9 families of Coccoidea which are 
accepted as occurring in the area covered by the survey. 
The diaspid classification presented pretty much follows 
the ideas on arrangment and relationships developed by 
Ferris, and more especially by Balachowsky. A number 
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August 1950, 2; MORELOs: Oryzomys couesi, 
18 August 1950, 1; VERA CRUZ: Reithrodonto- 
mys fulvescens, 12 October 1950, 5; Peromyscus 
boylei, 12 October 1950, 14; Batomys musculus, 
12 October 1950, 4; G. W. Wharton, collector. 
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Inst. Salubridad 


caves 


of the included species and genera are recognized to be 
exotics, found only in plant houses. 

It is the reviewer's belief that the addition of full body 
outline drawings in some species where the body shape is 
distinctive, for example Selenaspidus and Ischnaspis, 
would have made the paper more readily usable. A few 
departures from a_ strict progressive dichotomous 
sequence in the keys have been noted, as at the end of the 
key to Quadraspidiotus species, p. 77, and in the key to 
the genera of Diaspidina, p. 175. The pygidial drawings 
and the descriptive material relative to Pseudoparlatoria 
fail to bring out adequately the ‘‘fish-tail-shape’’ joining 
aut the base of the two gland spines between the median 
lobes, an apparently characteristic condition for this and 
some related genera which Ferris emphasized. It is a 
little surprising to find that Boratnyski’s claim that 
Carulaspis juniperi and C. visci are distinct species has 
been wholly ignored. These, however, are minor 
questions which do not downgrade appreciably the 
general soundness and thoroughness of this faunistic 
report 

HAROLD Morrison, 
Entomology Research Division, 
U. S. Department of Agriculture 
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ABSTRACT 


Information is presented on the life history of the 
common marsh fly Atrichomelina pubera (Loew), the 
larvae of which kill and consume aquatic, pulmonate 
various species. Stress is laid on feeding 
of the larvae, parasitoid 
and other ecological 


snails of 
methods 
Hymenoptera, 


seasonal 
ethological 


aspects, 
and 


For several years, we have been engaged in a 
study of the biology of the Sciomyzidae. More 
than 60 species have been reared in a laboratory 
at Cornell University, Ithaca, New York, all of 
the larvae having been fed on living or dead 
snails. Berg (1953) reported that sciomyzid lar- 
vae of both major subfamilies kill and consume 
snails, suggested that this habit may be wide- 
spread among sciomyzid larvae, and reviewed 
the literature on habits and immature stages in 
this family. Foote (1959) contributed to knowl- 
edge of the biology and immature stages in the 
genus Sciomyza. The present paper gives similar 
information on another species in the subfamily 
Sciomyzinae, Atrichomelina pubera (Loew). 

Most of the biological data included here were 


supplied by the senior author. The junior authors 


corroborated his observations and added their 
own. Neff contributed the section on morphol- 
ogy and made all of the drawings except one. 
We are indebted to Miss Frances A. McKittrick 
for figure 14, and we gratefully acknowledge aid 
from George C. Steyskal, Jean L. Laffoon, A. R. 
Brooks, George W. Byers, E. F:. Cook, 1. HH. 
Curran, A. H. Sturtevant, and M. R. Wheeler in 
assembling the distributional data. 

The monotypic genus Africhomelina was pro- 
posed by Cresson (1920) for the reception of 
Sciomyza pubera Loew (Mon. Dipt. N. A. I, 106). 
Melander (1920) treated Atrichomelina as a sub- 
genus of Melina Desvoidy 1830 (not Melina 
Retzius 1788). The valid name for Melina 
Desvoidy is Pherbellia Desvoidy 1830. 

Although A. pubera is not known from any 
other continent, it is widely distributed in North 
America (see map). It has been taken from the 
Gaspé Peninsula south to northern Florida and 
the Gulf Coast, from Manitoba south to Xochi- 
milco, D. F., Mexico, and from Washington and 
Idaho south to southern California and Arizona. 
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considerations. Distribution of the species is given 
Descriptions and figures are presented of the egg, three 
larval instars, and puparia. Morphological characteris- 
tics that may be diagnostic for sciomvzid larvae in gen- 
eral are suggested 


BIOLOGY 

Nothing was published on the biology and im- 
mature stages of this species until recently (Berg 
et al. 1959). Apparently the first rearing was in 
1953, when larvae and puparia were found by 
Berg in a drying beach pool on the shore of 
Douglas Lake, Cheboygan County, Michigan. 
Subsequent rearings and additional observations 
were made at Ithaca, New York, on material 
collected in that vicinity, and at several localities 
in Kentucky. 

Adults and immature stages of A. pubera are 
found most commonly around the margins of 
wooded ponds and swamps and along intermittent 
woodland streams. Although relatively less com- 
mon in open, permanent marshes and ponds, they 
also occur there. We have collected adults in 
unshaded Typha marshes, and we found that the 
Helisoma snails stranded when the (relatively 
open) Cornell University Fish Hatchery ponds 
were drained on June 4, 1957, harbored a large 
population of A. pubera larvae. The key factor 
in habitat selection appears to be the stranding 
of aquatic snails, and the heaviest populations 
develop in shallow swamps with gradually 
sloping bottoms and water that recedes slowly 
and continuously during the late spring and 
summer. 

Adults of A. pubera are found throughout the 
warm season in each section of the range. They 
have been collected from late April to early 
October in the latitude of New York State, and 
the flying season is even longer at lower latitudes 
We have taken adults as early as March 26 in a 
Typha marsh near Louisville, Kentucky, and have 
records of collections earlier in March (in Florida 
and California) and even in February (date not 
given, at Pasadena, California). Late season 
collections include October 15 and 24 (in South 
Carolina and Alabama) and even November 
(date not given, at Austin, Texas). 

During warm weather, there are no marked 
fluctuations in population density from week to 
week such as would occur if each generation were 
separated in time from those preceding and fol- 
lowing it. Our collecting of all stages in the life 
evcle on the same day (on June 30 and again on 
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August 2) indicates that hatching, pupation, 
emergence, and other events of the life cycle 
must be going on almost continuously. Genera- 
tions thus temporally spread and overlapping are 
not recognizable, and it is impossible to count the 
generations per year in nature. Since this breed- 
ing pattern characterizes many species of Scio- 
myzidae, most of the interruptions between 
capture records interpreted by Soos (1958) as 
breaks between generations probably resulted 
from nothing more than interruptions in collecting 
effort. 

Three reasons for the overlapping of generations 
are evident from observations on several sciomyzid 
species reared in the laboratory. (1) We have 
noted differentials of several days in the time of 
emergence of individuals that were hatched from 
the same egg mass. (2) The time lapse between 
emergence and the start of oviposition varies 
greatly in flies from a common egg mass (from 
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$ to 24 days in a rearing of Sepedon caerulea 
Melander). (3) Females of many species lay a 
few eggs every day for periods of time exceeding 
that normally required for the entire life cycle. 
In such instance, females of the new generation 
often start to lay their eggs before the parent fly 
ceases to oviposit. 

A. pubera apparently passes the winter in the 
pupal stage. Puparia were collected at a recently 
ice-free marsh near Ithaca on March 29 and April 
3, 1958, at least 3 weeks before the earliest record 
of adults in the area. When brought into the 
heated laboratory, these puparia produced adult 
flies 4 to 5 days after collection. A puparium 
collected near Hardinsburg, Breckinridge County, 
Kentucky on December 26, 1956, yielded an adult 
during the first week in January, 1957. The 
puparia collected in early spring, as well as the 
one taken in December, evidently had been 
formed during the previous autumn 
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Eggs were obtained readily both in the field 
and under laboratory conditions. In nature they 
were found on the shells of Lymnaea palustris 
(Milier), Helisoma spp., Physa sp., and A plexa 
hypnorum (Linné). In the laboratory the eggs 
were laid on snails placed in the rearing jars and 
on the moist substrate near these snails. These 
eggs were loosely attached, and those on snail 
shells were usually placed in depressions such as 
suture lines, umbilici, and lips. No definite ovi- 
position site on the host snail such as was ob- 
served in Sciomyza aristalis (Foote 1959) could 
be detected. Incubation rarely required more 
than 2 days, and one observation of a series of 
eggs in the laboratory at 30° C. gave an incuba- 
tion period of 28 hours 

The first-instar larva is quite active imme- 
diately after hatching. Creeping rapidly over 
the substrate, investigating crevices and empty 
snail shells, it eventually encounters a living snail. 
Its search for a host snail is shortened, of course, 
in the case of eggs deposited directly on the shell. 
After a few exploratory motions on the snail flesh 
exposed at the aperture, the larva moves quickly 
into the shell and assumes a position between the 
soft parts of the snail and the shell. Typically, 
it embeds itself so completely that only the pos- 
terior spiracular disc is exposed. A larva that 
is feeding often appears inactive, and vigorous 
movements by the snail fail to disturb it. 

The manner in which pubera larvae feed on 
snails is variable and dependent on circum- 
stances. They have parasitoid, predatory, and 
saprophagous capabilities, and the feeding of a 
given larva may even change from day to day 
depending on the food available and the intensity 
of intraspecific competition. 

If a larva hatches from an egg laid on the shell 
of a fully grown snail and invades that animal 
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Fic. 1. 

Fic. 2. 
(Scale as in Fig. 1.) 
Fic. 3.—Posterior spiracular disc of third instar larva. 
L=lateral lobe, PT =peritreme, SP= 
Fic. 4 
of hypostomal sclerite and ventral 
dorsal bridge, DC=dorsal cornua, 
MH =mouthhook, PS 
VW =ventral ‘‘window.”’ 


arch below; 


DW =dorsal ‘ 


Fic. 5. 
Fic. 6. 
FIG. 7. 
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Cephalic skeleton of third instar larva, with dorsal 
all three somewhat more enlarged. 
window,”’ 
= pharyngeal sclerite, SDO=salivary duct opening, VA=ventral arch, \ 
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without competition from other larvae, the snail 
remains alive and active for 2 or 3 days. Then 
it becomes inactive, eventually showing no 
muscular movements except for weak tremors 
that pass in waves over the completely retracted 
foot. Death usually occurs within 5 days. By 
that time, the larva is already in the last active 
larval instar and is eating voraciously. It con- 
tinues to feed saprophagously on the dead snail, 
and in many cases it manages to complete its 
development before much decomposition occurs. 
If it then pupates in situ, it may not leave the 
shell that it entered as a newly-hatched larva 
until it emerges as an adult fly. 

In contrast to the intimately associated, parasi- 
toid relationship described above, larvae in other 
situations act more as predators. When a large 
larva attacks a small snail or when there is a 
multiple infestation, the snail is killed quickly. 
As many as eight larvae were commonly seen in 
one snail in laboratory rearings. In such cases, 
snails sometimes died in less than an hour. All 
of the flesh was usually consumed before it de- 
cayed appreciably. Then the larvae had to find, 
kill, and consume other snails in order tocomplete 
their development. 

The larvae feed saprophagously not only after 
the death of snails invaded while living, but also 
if, after consuming and abandoning one snail, 
they find dead, decaying snails more readily 
available than living ones. They crawl into the 
black, malodorous mass of decaying flesh until 
only their posterior spiracular discs are exposed 
and evidently tolerate such putrescent situations 
very well. In this respect, they differ sharply 
from most of the tetanocerine larvae, which 
apparently require fresh food. Even the other 
sciomyzine larvae that we have studied, although 
commonly feeding saprophagously after their 
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Posterior spiracular plates of first instar larva 
Posterior spiracular plates of second instar larva 
SSC =stigmatic 
AP=anal plate, 
spiracular plate, SS=spiracular slit, V= ventral lobe, VL= ventrolateral lobe. 


Scarf. 

D=dorsal lobe, DL=dorsolateral lobe, 
view of epistomal sclerite above and ventral views 
AR=accessory rod, DB= 
HS=hypostomal sclerite, 


ES=epistomal sclerite, 
C=ventral cornua, 


Cephalic skeleton of second instar larva. 
Cephalic skeleton of first instar larva 
Anal plate of puparium. 


Fic. 8.—-Left anterior spiracle of third instar larva. 


Fic. 9. 

Fic. 10. 

Fic. 1 

Fic. 12. 


Dorsal aspect of puparium formed in shell of A plexa hypnorum 
a il aspect of puparium formed in shell of Lymnaea palustris. 
—Dorsal aspect of puparium formed outside of snail shell. 
Lateral ‘ones of puparium formed in shell of Helisoma trivolvis, with emergence 


hole of ichneumonid wasp dorsally near anterior end. 


Fic. 13.- 


Lateral aspect of puparium formed outside of snail shell 


Fic. 14.—Dorsal aspect of egg (micropylar end up) 


Fic. 15. 


Detail of egg chorion sculture 
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host snail dies, seem to lack the inclination to 
invade snails that are already dead and decaying. 

The combination of saprophagous feeding with 
the ability to vary greatly in the degree of 
parasitoid versus predatory tendencies has led to 
the suggestion (Berg et al. 1959) that the feeding 
habits of A. pubera may be interpreted as primi- 
tive, plastic, and adaptable. Since saprophagous 
feeding is very common among dipterous larvae 
of other families, such a scavenger on decaying 
animal matter in moist situations might well have 
been the common ancestor of the Sciomyzidae. 
Increased feeding on stranded aquatic snails that 
were weakened but not yet dead may have led to 
the development of feeding habits such as those 
of A. pubera. Divergence into two evolutionary 
lines may then have produced both the (usually 
terrestrial) parasitoid species and the (primarily 
aquatic) predators. Although some species seem 
to be more delicately adjusted for a parasitoid 
way of life (Foote 1959) and others apparently 
are better equipped, more efficient, predators 
(Berg 1953), we know of no other sciomyzid 
larva as capable as A. pubera to adapt its feeding 
methods to fit different situations. 

Under natural conditions, A. pubera larvae 
and puparia were discovered in the following 
species of snails: Lymnaea (Stagnicola) palustris 
(Miller), Helisoma anceps (Menke), H. trivolvis 
(Say), Physa gyrina (Say), and A plexa hypnorum 
(Linné). In the laboratory, larvae fed readily on 
these additional aquatic, pulmonate species: 
Lymnaea (Galba) humilis (Say), Physa_sp., 
Helisoma. campanulata (Say), and Biomphalaria 
(=Australorbis) glabratus (Say). In addition, 
they attacked and destroyed the following ter- 
restrial snails: Zonitoides nitidus (Miller), Suc- 
cinea avara Say, Oxyloma decampi Tryon, and 
Discus cronkhitei (Newcomb), However, only a 
single larva, reared from an individual of Oxyloma 
decampi, was found in a land snail in nature. 
Apparently the larvae are associated with an 
ecological assemblage of snails and not with any 
particular taxonomic group. They were unable 
to invade the aquatic, operculate snails Goniobasis 
sp. and Pleurocera sp. 

An attempt was made to determine the duration 
of each larval stadium, but considerable difficulty 
was encountered in determining just when molt- 
ing occurred. The cast exuviae remained in con- 
tact with the viscous material and were very 
difficult to detect and recover. However, numer- 
ous observations indicated that the first larval 
stadium lasted 1 or 2 days; the second stadium, 
2 or 3 days; and the third stadium, 3 to 5 days. 
The total time spent as a larva rarely exceeded 
10 days and averaged 8 days. 

As pupation approaches, the larva loses its more 
or less translucent appearance and assumes a yel- 
lowish color due to the accumulation of fat be- 
neath the integument. If pupation takes place 
within a shell, the mature larva reverses its 
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position in the shell so that the anterior spiracles 
are directed outward, toward the aperture. Fre- 
quently the larva assumes a position close to the 
columella and the completed puparium reflects the 
curvature of the snail shell. Puparia formed 
within the sinistrally coiled shells of Physa spp. 
and Aplexa hypnorum show a slight twisting to 
the left (fig. 9), but puparia within dextral 
Lymnaea shells are curved slightly to the right 
(fig. 10). The puparia formed within the 
discoidal shells of Helisoma are arcuate with the 
convex ventral surface appressed to the outer side 
of the shell whorl (fig. 12). Puparia formed free 
from any shell are more or less straight and 
cylindrical with dorsoventral flattening anteriorly 
(figs. 11, 13). 

Very few free puparia were encountered in 
nature, but they were obtained frequently in 
laboratory rearings. It is probable that pupation 
within the host’s shell is the usual situation, and 
the free puparia seen in the laboratory were the 
result of overcrowded rearing conditions. Al- 
though as many as eight larvae completed devel- 
opment in one snail in the laboratory, not more 
than three usually pupated in one shall. In some 
instances, however, aS many as seven puparia 
were formed within a single shell of Helisoma 
anceps. 

The length of the pupal stage in the laboratory 
varied from 6 to 8 days. In nature, this period 
is probably more variable due to the greater 
fluctuations of temperature and weather 
conditions. 

Adults are usually seen on low vegetation. 
Their flight is swift but short. On the afternoon 
of August 27, 1956, many A. pubera were dis- 
covered at the Inlet Valley marsh near Ithaca, 
around the margins of a receding pond that was 
densely shaded by a large willow tree. Many 
Lymnaea palustris and Physa sp. snails were 
stranded in shallow depressions that were rapidly 
drying. Several female flies were observed to 
investigate the snails for periods of 30 to 50 
seconds. Although no oviposition was observed 
in nature, numerous eggs were found on beth 
Physa and Lymnaea shells. Thirty living but 
inactive Physa were collected and examined daily 
for larval infestation. Of these, 29 contained one 
or more larvae. Very few Lymnaea were infested 
with larvae at that time, but heavy infestation 
of the Physa indicates that A. pubera is poten- 
tially important in reducing a stranded population 
of vulnerable snails. 

Laboratory-reared females began to lay eggs 
from 2 to 4 days after emergence. 

Eggs may be laid even by females that have 
not mated. One that emerged in the laboratory 
on June 7, and was kept isolated from other 
flies, laid 6 eggs on June 10. These eggs failed 
to hatch, and the fly laid no more until she was 
mated on June 23. Beginning 3 days after this 
mating, she laid many viable eggs 
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A female collected at Refugio, Texas, on May 6, 
1958, may furnish another example of the same 
phenomenon. She was brought back alive to the 
laboratory at Ithaca and placed in a rearing jar 
with several snails on May 21. Although no 
male was available to mate with her, she laid 
many eggs (on the glass jar, the moss at the 
bottom, and on snails of the genera Helisoma, 
Biomphalaria, Physa, and Lymnaea) between 
then and May 31, when she died. These eggs 
were held until June 11. Since none of them 
hatched, it seems probable that the wild-caught 
female had not mated. Reared flies of other 
sciomyzid species that were known to be virgin 
have laid eggs, and similar phenomena are known 
from other dipterous families. 

Representatives of four families of Hymenop- 
tera have been reared from pubera puparia col- 
lected in nature. These parasitoid and possibly 
hyperparasitoid wasps were as follows: 

Ichneumonidae: Mesoleptus declivus Prov., Meso- 

leptus sp., Atractodes sp., Phygadeuon sp. 
Braconidae: A phaereta pallipes (Say) 
Diapriidae: one undetermined species 
Pteromalidae: Spalangia sp.‘ 

An attempt was made to determine the approxi- 
mate percentage of A. pubera pupae destroyed by 
wasp larvae under natural conditions. Two field 
collections of puparia associated with Physa sp. 
were made during the summer of 1957. Of the 


59 puparia collected, 12 produced adult flies, 28 
produced parasitoid wasps, and the remaining 19 


failed to open; 24 of the 28 wasps belonged to the 
family Ichneumonidae. 

The large collection of A. pubera made at 
Douglas Lake, Michigan, on August 5, 1953, 
supplied additional data on the ratio of adult 
flies to parasitoid Hymenoptera and also gave 
some information on the ratio of puparia to snails. 
In this heavy infestation, the 76 snails collected 
(chiefly Helisoma anceps) evidently harbored at 
least twice that many puparia. Although no 
exact count of puparia was made, it is recorded 
that 63 of them yielded adult flies and 73 produced 
parasitoid wasps. Since some failed to open, it 
seems conservative to estimate that at least 152 
puparia were included in the collection. Ichneu- 
monidae developed in 23 of the parasitized puparia 
(one in each puparium), and the remaining 50 
produced 151 Aphaereta pallipes (Braconidae). 
We got from 2 to 5 of these small wasps from each 
parasitized puparium. 

In a later attempt to learn more about ratios 
of puparia to snails and of adult flies to parasitoid 
wasps, the method of square-meter quadrats was 
used in sampling the snails. On September 28, 
1957, two lots of stranded Aplexa hypnorum 


‘We are indebted to C. F. W. Muesebeck and Miss 
Luella M. Walkley for the identification of these 
Hymenoptera. The braconid was identified (by Muese- 
beck) as A phaereta auripes (Provancher), but McComb 
(1958) has now synonymized that name with A. pallipes 
(Say) 


Biology of Atrichomelina pubera 


197 


were collected from the bottom of a dried vernal 
pond located in a mesic woods just east of Ellis 
Hollow, Tompkins County, New York. Quadrat 
I covered the lowest point in the depression. 
Quadrat II was on slightly higher ground, but 
still within the limits of the pond area. The 349 
snails examined in quadrat I contained 34 puparia. 
No adult flies emerged from these puparia, but 
they did produce 19 parasitoid wasps. Only 
two puparia were obtained from the 176 snails 
found in quadrat II, and both of these produced 
adult flies. The difference between these two 
lots in ratios of parasitized puparia may be due 
entirely to chance. Another reasonable sugges- 
tion might be that the snails in quadrat II were 
harboring A. pubera larvae too early in the 
season for attack by parasitoid Hymenoptera. 
Those in quadrat I, evidently having been ex- 
posed by the receding water at a later date, may 
have harbored A. pubera larvae, at the optimum 
stage of development for attack by ovipositing 
wasps, at the time that the wasp population was 
at its greatest density. 

The larvae of A. pubera probably compete with 
certain other sciomyzid larvae for food. The 
larvae of Pherbellia griseola (Fallén), P. nana 
(Fallén), and Pteromicra inermis Steyskal are also 
associated with individuals of Lymnaea (Stagni- 
cola) palustris that are out of water, and all four 
of these sciomyzid species were collected (as 
adults) on June 30, 1957, in a small wooded 
swamp 2 miles west of Manchester, New York. 
In competition with individuals of these three 
species, pubera may gain an advantage because of 
its very short incubation period. 

We have reared other Diptera belonging to the 
families Sarcophagidae, Phoridae, Ephydridae, 
and Piophilidae from snails that also contained A. 
pubera larvae. Although the larvae of most of 
these flies may be saprophagous and incapable of 
attacking living snails, they probably are com- 
petitors of A. pubera since they consume food 
that the pubera larvae might otherwise utilize. 


MORPHOLOGY OF IMMATURE STAGES 


The most reliable characteristics to distinguish 
sciomyzid larvae from those of other dipterous 
families are found in the cephalopharyngeal 
skeleton. In both Tetanocerinae and Sciomy- 
zinae, the major subfamilies throughout the world 
and the only ones found in North America, the 
cephalopharyngeal skeleton bears an unpaired 
ventral arch having a serrate anterior margin 
(fig. 4, VA). This sclerite is present in all 
sciomyzid larvae known to us, and all lack other 
labial and dentary sclerites associated with the 
posteroventral borders of the mouth hooks. 
Presence of the serrate ventral arch and of no 
other accessory sclerite in this region, and lack 
of food canals on the ventral surface of the 
cephalic segment apparently will distinguish 
sciomyzid larvae from larvae of all other cyclor- 
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rhaphous Diptera. Most of the known larvae of 
cyclorrhaphous Diptera lack this ventral arch, 
and the few that have it possess a different com- 
bination of characters. The larva of Meromyza 
(Chloropidae) has a ventral arch without ser- 
rations on its anterior margin and has food 
canals or genal rami on the ventral surface sur- 
rounding the oral opening (Nye 1958). Several 
carnivorous anthomyid larvae described by Keilin 
(1917) have ventral arches with serrate anterior 
margins, but they also have accessory oral 
sclerites laterad to the mouth hooks (Keilin 1917, 
Pl. V, Bg and Ra) which are lacking in all scio- 
myzid larvae knowntous. Hennig (1952, pp. 131, 
241) has pointed out that the ventral arch 
(Chitinbrticke), associated with the mouth hooks 
to form a “‘geschlossenen Skelettring,’’ seems to 
be a distinctive feature of sciomyzid larvae. The 
attachment between these sclerites is a liga- 
mentous one which allows considerable movement 
of the mouth hooks in reference to the ventral 
arch. 

Most of the known larvae in the Tetanocerinae 
are superficially similar to larvae of Tipulidae. 
Although the well developed head capsules of 
tipulid larvae are lacking in all Sciomyzidae, 
larvae of the Tetanocerinae are reminiscent of 
tipulid larvae because of their remarkable ability 
to retract their long anterior ends into the succeed- 
ing body segments. The integument, which is 
often dusky and sometimes very deeply pig- 
mented, has a leathery appearance with numerous 
warty tubercles and folds. The posterior spira- 
cular disc is surrounded by up to five pairs of 
fleshy lobes, and the more ventrally situated ones 
are often long and conspicuous, as on tipulid 
larvae. Each spiracular plate usually bears four 
palmately branched float hairs on its border. 
Creeping welts of the type so commonly seen on 
other cyclorrhaphous larvae are lacking on most 
segments, their function perhaps having been 
taken over by the wartlike tubercles. 

The known larvae of the Sciomyzinae have the 
conic-cylindrical appearance of typical muscoid 
larvae, with tapered anterior ends and abruptly 
truncated posterior ends. The integument is 
usually light (cream-colored or light gray) and 
shining, with minute spinules arranged in a more 
or less well defined band or transverse ventral 
patch on each body segment. These spinule 
patches appear to be the vestiges of creeping 
welts, retaining the spinules in patterns reminis- 
cent of other cyclorrhaphous larvae but not pro- 
truding as welts. The wartlike tubercles so 
conspicuous on the tetanocerine larvae are lack- 
ing. Although the posterior spiracular disc may 
be surrounded by as many as five pairs of fleshy 
lobes, these lobes are always smaller than in the 
typical tetanocerine larvae and in some sciomyzine 
species they are obsolescent or lacking. Two 
spiracular plates, each of which has three slitlike 
spiracles in mature larvae, are situated on a low, 
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domelike protuberance near the center of the 
disc. These plates lack float hairs on all known 
sciomyzine larvae. 

Morphological characteristics of the immature 
stages of A. pubera are given in greater detail 
below. 

Egg (fig. 15): White, elongate-cylindrical. 
Length 0.75-0.90 mm.; width 0.25-0.30. Chorion 
finely reticulate; areas between reticulations bear- 
ing fine punctations (fig. 15). Micropyle ter- 
minal, without lip, only slightly larger than 
reticulations. End of egg opposite micropyle 
usually with small, blunt tubercle. 

First-instar Larva.—White, transparent. Length 
0.90-2.00 mm.; width 0.25-0.35 mm. Pharyngeal 
skeleton (fig. 6) with minute, paired mouthhooks 
contiguous anteriorly; hypostomal sclerite fused 
with pharyngeal sclerite, the latter bearing thin 
dorsal bridge on its anterodorsal border. No 
visible anterior spiracles. Intersegmental bands 
of minute spinules present ventrally between 
segments 2-11. Posterior spiracular disc with 
two pairs of blunt lobes. Spiracular plates (fig. 
1) lightly sclerotized, with one or two oval 
apertures; no float hairs surrounding plates. 

Second-instar Larva.—Cream-white,  translu- 
cent. Length 2.00-4.30 mm.; width 0.40-0.80 
mm. Pharyngeal skeleton (fig. 5) having paired 
mouthhooks with lateral extensions articulating 
with ventral arch. Posterodorsal wing-like ex- 
tensions of mouthhooks articulating with hyposto- 
mal sclerite. Pharyngeal sclerite bearing dorsal 
bridge and parastomal bars, the latter supporting 
epistomal sclerite anteriorly. Ventral cornua of 
pharyngeal sclerite with posterior, incomplete 
“window.” Segment 2 (prothoracic segment) 
with buds of anterior spiracles laterally near pos- 
terior border; no ventral transverse spine group 
Segments 3-11 with two or three ventral inter- 
segmental spinule bands extending laterally, con- 
verging on each side about half way up body 
wall; dorsal intersegmental areas with scattered 
spinules. Posterior spiracular disc with three 
pairs of fleshy lobes ventrally and laterally, dorsal 
border rounded, bearing spinules on its surface. 
Each spiracular plate (fig. 2) with two elongate 
apertures and a stigmatic scar; peritreme lightly 
sclerotized. Anal slit longitudinal, with fleshy 
lobes laterally on each side. 

Third-instar Larva.—Yellow-white, translucent 
to opaque. Length 4.50-8.50 mm.; width 1.20 
2.00 mm. First apparent segment bilobed an- 
teriorly with two pairs of sensory papillae; anterior 
pair with lightly sclerotized basal ring. Border 
of atrium with elongate, hyaline spines ventrally 
and laterally. Pharyngeal skeleton (fig. 4) with 
paired mouthhooks articulating with ventral arch; 
hypostomal sclerite (HS) broadly V-shaped; 
salivary duct opening posterior to it, partially 
bordered by posterior margin of sclerite. Pha- 
ryngeal sclerite with dorsal bridge, accessory 
rods dorsal to parastomal bars, the latter sup- 
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porting epistomal sclerite (E S); ventral cornua 
with prominent ‘“‘window,”’ dorsal cornua with ill- 
defined, incomplete ‘‘window.”’ Segment 2 with 
distinct, ventral, transverse spine group. An- 
terior spiracles posterolateral, each spiracle (fig. 8) 
circular with 12-18 papillae on its margin. Seg- 
ment 3 with single anteroventral spinule band, 
scattered spinules dorsally. Segments 4-11 with 
two or three intersegmental bands extending 
laterally, converging half way up side of body 
wall, no dorsal spinules. Posterior spiracular 
dise (fig. 3) with five pairs of fleshy lobes and 
tubercles; dorsal and dorsolateral pairs small with 
prominent spinules between dorsal pair; lateral 
lobes slightly longer than one-half diameter of a 
spiracular plate; ventrolateral lobes prominent, 
114 times as long as spiracular plate diameter; 
ventral lobes slightly shorter than ventrolaterals, 
bearing (along with ventrolaterals) scattered 
spinules on their surface. Each spiracular plate 
(fig 3, SP) with three elongate apertures or slits, 
peritreme heavily sclerotized, sclerotization often 
including stigmatic scar late in third stadium. 
Anus longitudinal with fleshy lateral lobes bear- 
ing spinules on lateral margins. 

Puparium (figs. 9-13): Reddish-brown, sub- 
shining, translucent, with shape varying greatly 
depending on position; typically circular in cross 
section except at dorsoventrally depressed an- 
terior end. Length 4.50-7.30 mm.; width 1.50 
3.00 mm. Pseudocephalic segment invaginated. 
Anterior spiracles prominent laterally on bilobed 
first apparent segment. Segments 7-9 usually 
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with intrasegmental grooves dorsally. Lateral, 
ventrolateral, and ventral lobes of posterior disc 
shortened; dorsal and dorsolateral lobes. incon- 
spicuous. Anal plate (fig. 7) broadly triangular 
with anal slit prominent. 
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INCREASED REPRODUCTION OF PEA APHIDS ON BROAD BEANS 
TREATED WITH 2, 4-D' 
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ABSTRACT 


Sufficient concentrations of 2,4-D dimethyl amine to 
cause only slight and transitory symptoms on broad 
beans, markedly increased the reproductive rate of pea 
aphids, Macrosiphum pisi (Harris), on such treated 
plants. Longevity of aphid adults, and growth rate of 
grasshopper nymphs, Melanoplus bivittatus (Say), ap- 


This study was undertaken as a result of an 
observation by the junior author that the large 
aphid Lachnus salignus (Gmelin) appeared especi- 
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peared unaffected. Most notable changes in growth 
terminals, where aphid development is greatest, occurred 
in the free amino nitrogen fraction. Increased free 
amounts of alanine, aspartic acid, serine, and glutathione 
were especially evident. 


ally numerous on willow trees adjacent to a wheat 
field that was sprayed for weeds. Since apterous 
viviparae were primarily present in summer, it 
was felt that their increased number was probably 
due to nutritional factors favoring reproduction 
rather than increased attractiveness of the treated 
plants. 

Investigators have previously observed greater 
numbers of harmful insects on plants affected by 
2,4-D. Ingram et al. (1947) believed a heavier 
infestation by the sugarcane borer, Diatraea sac- 
charalis (F.), on treated sugarcane, to be due to 
reduced parasitism by the wasp, Trichogramma 
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minutum Riley. Fox (1948) felt that retarded 
germination of wheat seedlings in fields treated 
with 2,4-D made them more susceptible to 
damage by wireworms. Putnam (1949) thought 


the prevalence of grasshoppers on treated weedy 
stubble land might be due to a greater amount 
of sun hitting the ground where plants were dis- 


torted, thus increasing soil temperatures and 
accelerating the hatching of grasshopper eggs. 

Plants affected by 2,4-D have been noted to be 
preferred by mammals, occasionally to their 
detriment. Stahler and Whitehead (1950) state 
that it has been commonly observed that weeds 
not usually grazed by cattle are eaten with relish 
after treatment with 2,4-D. Resultant illness 
and death appeared to be due to poisoning from 
increased nitrate content of treated plants. It 
was further noted by Raleigh and Patterson 
(1948) that rodent injury, primarily by field mice, 
was greater on pre-emergence-treated corn. In 
these instances an increased sensory attraction 
seems indicated because of the high mobility of 
the animals. 

In order to benefit insects, 2,4-D either has 
nutritional value in itself, or it brings about a 
change in plants to make them more nutritious 
to feeding organisms. Raoul and Marnay (1948) 
found that 2,4-D acted somewhat like vitaminB? 
(but was not as satisfactory) in a basal survival 
diet for young rats. Its nutritional value to 
insects seems doubtful, however, since Jones and 
Connell (1954) have shown it to possess a low 
order of toxicity when fed to honey bees. Direct 
effects are probably not significant, as Hay and 
Thimann (1956), and others, have shown it is 
rapidly absorbed and broken down in plants. 
This does not preclude that metabolites of 2,4-D 
may have some direct effect on insects. 

The herbicide 2,4-D frequently has been shown 
to alter markedly the proteins and amino acids 
in plants. Even in wheat, which is not readily 
damaged, Erickson et al. (1948) and Pande (1954) 
showed that the protein content and total nitrogen 
are increased. Klingman and Ahlgren (1951) 
found total nitrogen and protein nitrogen levels 
increased in treated wild garlic, apparently as a 
result of more rapid utilization of carbohydrate. 

It appears, upon review of the literature, that 
not all species of plants are affected by 2,4-D in 
the same manner or degree, nor in identical por- 
tions of the plant. It has, however, been com- 
monly observed that protein and amino acid 
fractions undergo change (Fults and Payne 1956, 
sugarbeets, potatoes, beans; Wort 1951, buck- 
wheat; Freiburg and Clark 1951, soybeans; Smith 
et al. 1947, bindweed; Rasmussen 1947, dande- 
lion). As a result of such change the amino 
acids are mobilized and consequently their con- 
centration is heightened at least temporarily in 
the sap. 

An increased flow of sap within the phloem 
might also benefit insects, particularly sucking 
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insects, that feed in that tissue. Apparently 
2,4-D causes such an increase in flow, and de 
Jonge (1955) used this characteristic of the 
herbicide to build up rate and duration of flow 
in rubber trees. 

If the nitrogen fraction of plants is affected by 
2,4-D, it may be revealing to see what effect this 
fraction has on populations of phytophagous 
insects and mites. Auclair et al. (1957) found 
that three varieties of peas susceptible to pea 
aphids and higher concentrations of free and total 
amino acids and amides than three resistant varie- 
ties. Therefore, the effect of 2,4-D may be 
similar to naturally occurring susceptibility in 
plants. 

Insect populations may be affected by altering 
the nitrogen content of their host plants by 
fertilization or other means. Evans (1938) 
demonstrated that the reproductive rate of the 
cabbage aphid was greatest on shaded plants 
which contained the most nitrogen. Similarly 
Barker and Tauber (1951) showed a significant 
reduction in the fecundity of pea aphids on nitro- 
gen deficient peas. Hamstead and Gould (1957) 
observed that populations of two-spotted mite 
and European red mite were substantially greater 
in apple plots showing the highest leaf nitrogen 
as a result of fertilization. The mite popula- 
tions were also related to normal seasonal fluctua- 
tions in leaf nitrogen levels. <A similar relation- 
ship was noted by Garman and Kennedy (1949) 
for two-spotted mites on beans and peaches. 

It appears that nitrogen above or below a cer- 
tain optimal level is detrimental to phytophagous 
insects. Haseman (1946) reported that the 
greenbug reproduces and grows very slowly on 
nitrogen-deficient plants, but the chinch bug and 
greenhouse thrips prefer and thrive better on 
plants grown on a nitrogen deficiency. Evi- 
dence was presented by Arant and Jones (1951) 
that populations of greenbugs decreased as rates 
of nitrogen in fertilizer were increased. In green- 
house tests Taylor et al. (1952) found that the 
reproductive rate of pea aphids was higher on 
pea plants grown with high levels of nitrogen, 
though they did not consider their results sta- 
tistically significant. 

Since the nitrogen fraction of plants influences 
reproduction of several phytophagous insects, it 
is probable that 2,4-D affects insect reproduction 
because of its effects on this fraction of host 
plants. It was on this premise that the following 
investigation was undertaken. Pea aphids, Ma- 
crosiphum pisi (Harris), the grasshopper Melano- 
plus bivittatus (Say), and broad beans, Vicia faba 
L., were studied because of their ease of main- 
tenance in the laboratory. The use of pea aphids 
involved some assumptions since no determina- 
tions of amino acid requirements of any homop- 
teran have been reported (Friend 1958). It was 
first necessary to determine if 2,4-D increased 
populations of phytophagous insects, and then to 
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analyze the plants for chemical changes thought 
to be significant for insect nutrition. 
MATERIALS AND METHODS 
Erratic results in early tests were virtually 
eliminated by establishing a clone of pea aphids 
from progeny of a single apterous summer vivip- 
arous aphid. Adults of known age were 
obtained by allowing a number of adults to re- 
produce on a plant for 4 hours. These were 
removed and their offspring reared to adulthood, 
then transferred to experimental plants. In 
all cases only apterous viviparae were used. 
Broad bean seeds were germinated in damp sand 


IR 


Designation of leaf pairs on 
broad bean plant 


Fic. | 


and transplanted to sand in 4-inch pots where 
they were supplied with Hoagland’s nutrient 
solution No. 2 (Hoagland and Aron 1938). All 
plants received equal amounts of this solution. 
When four or five leaf pairs were present, the left 
leaf of the second pair from the bottom (fig. 1, 
leaf 2R) was treated with 2,4-D dimethyl amine 
by dipping it into a preparation of desired con- 
centration. Twenty-four hours later this leaf 
and the corresponding leaf from an untreated 
plant were pinched off. The treated leaf was 
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removed to standardize the time allowed for 2,4-D 
to enter the plant. 

Early trials revealed no correlation between 
concentration of 2,4-D and aphid fecundity, 
though very high rates were unsatisfactory be- 
cause they killed the plants. Concentrations 
were therefore used which caused a very mild 
initial and transitory twisting of the stem. This 
occurred during May, June, and early July with 
4.1 p.p.m. of 2,4-D dimethyl amine. In late July 
and in August 41.0 ppm produced a similar effect. 
Such variation was probably due to inadequate 
control of seasonal changes in temperature and 
day length in the greenhouse. 

Aphids were applied to plants 24 hours after 
treatment. In one method an entire plant was 
enclosed in a screen cage with a single adult 
aphid. The aphid population on treated and 
untreated plants was then checked after 10 days. 
In another method, single adult apnea were 
isolated on the underside of comparable leaves. 
They were held in cages consisting of Lucite 
tubing 14 inch in diameter, with a nylon fabric 
cover. The number of young produced in 3 or 
5) days was then counted. In determining 
longevity, the progeny were removed daily from 
leaf isolation cages to prevent crowding. 

Growth rates were compared for grasshoppers 
fed on treated and untreated broad beans. Eggs 
were hatched from a laboratory stock and nymphs 
fed on untreated plants. Twenty second-instar 
nymphs were isolated in each of two large screen 
cages and supplied daily with broad beans growing 
in pasteboard containers. Treated plants re- 
ceived 4.1 or 41.0 p.p.m. 2,4-D dimethyl amine in 
the manner previously described, enough being 
treated to feed one plant daily for approximately 
2 weeks. Thus, as under field conditions, the 
nymphs fed on plants of increasing age after 
treatment. Each group of nymphs was weighed 
collectively everv 7 days. Upon completion of 
development the males and females of each 
group were weighed separately. 

Single leaves corresponding to those used in 
aphid isolation experiments were sampled for 
chemical analysis. The growth terminals, similar 
to those concentrated on by aphids caged on 
entire plants, were also selected for analysis. 
Tops analyzed included terminal growth down to 
and including the first complete leaf pair. 

Fresh plant tissues were wrapped in aluminum 
foil and immediately weighed. In some instances 
they were analyzed for total nitrogen as a per- 
centage of fresh wcight; in others the tissues were 
first reduced to their dry weights by lvophiliza- 
tion. Lyophilized samples were then placed over 
calcium chloride in a desiccator until analyses 
were possible. The percentages of dry matter 
and total nitrogen were compared, assuming both 
members of a leaf pair to be identically con- 
stituted. One leaf of a pair was analyzed directly 
for total nitrogen, the other dried in a vacuum 
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oven for 2 hours at 100° C. to determine per- 


centage of dry matter. 

The Kjeldahl method for microdetermination 
of nitrogen, with modifications described by 
Steyermark (1951), was used to determine total 
nitrogen. Determinations were made on both 
fresh and dry leaves. 


Table 1.—Production of pea aphids in 10 days beginning 
with single apterous viviparae on caged broad bean 
plants treated with 2,4-D dimethyl amine. 
Pullman, Washington, 1958. 


Percentage 


Plant No. aphids increase 


Treatment: 
4.1 p.p.m. 
Untreated 
Treated 
Untreated 
Treated 
Untreated 
Treated 


450 
190 


25 


Treatment: 
41.0 p.p.m. 
Untreated 
Treated 
Untreated 
Treated 
Untreated 
Treated 


August 
August 
August 


total 
total 


Untreated 
Treated 


The concentration of total free amino nitrogen 
was determined by the method of Lawrence et al. 
Each sample of about 200 mg. of lyophilized tissue 
was finely ground and weighed. About 1 to 1.5 
ml. of 70 percent ethanol was added to the powder 
and stirred into a fine mush. Sufficient ethanol 
to total 8 ml. was used to rinse the sample quanti- 
tatively into a centrifuge tube. Each tube was 
stoppered and agitated vigorously in a Burrell 
shaker for 4% hour. The samples were then cen- 
trifuged at 2,000 r.p.m. for 15 minutes and the 


Table 2. 


Test 1 Test 2 


Untreated Treated Untreated 


45 
44 
18 
50 
187 


IR 
2L 
3L 
4L 


Total 


Untreated total 


] 
Treated total 7 


‘ 
4 


1 
2 8% increase 


"See figure 1. 
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48 
52 
17 


51 
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supernatant solution decanted. Four ml. of 70 
percent ethanol was stirred up with the residue in 
each tube which was then placed on the shaker 
for 144 hour. After five such extractions, the 
fluids were centrifuged in a Servall angle cen- 
trifuge for 15 minutes at 9500 r.p.m. The super- 
natant solution was made up to 25 ml. by the 
addition of 70 percent ethanol. Amino nitrogen 
was determined by the ninhydrin colorimetric 
analysis described by Rosen (1957). Readings 
were made in a Klett-Summerson colorimeter at 
560 mu. 

The two-dimensional descending chromatog- 
raphy methods practiced by Lawrence et al. 
were used to determine quantitatively individual 
free amino acids in tops of broad bean plants. 
Fats and sugars were removed from the afore- 
mentioned 70 percent ethanol extracts of lyophi- 
lized tissue by means of a small Dowex 50-XS8 
ion exhange column. Two-dimensional descend- 
ing chromotography was used with phenol-water 
and methyl ethyl ketone-propionic and water as 
solvents. Color was developed with ninhydrin 
at 60° C. in an ethanol-saturated anaerobic 
atmosphere. The dried were cut out, 
weighed, fragmented, and eluted with 50 percent 
ethanol. The eluate was read in a colorimeter as 
above, and compared with preparations of known 
amino acids in known concentration treated in an 
identical manner 


spots 


RESULTS 


Reproduction of pea aphids on broad bean 
plants treated with 2,4-D was consistently higher 
than on untreated plants. The great variability 
shown in table 1 is difficult to interpret, but 
appears to be due to seasonal effects on repro- 
duction in the greenhouse. In the latter part of 
June the apterous viviparae were reproducing at 
7 or 8 days; in August they did not reproduce 
until 9 or 10 days. Furthermore, alate migrants 
began appearing in August, and these produced 
young 4 or 5 days later than apterous viviparae. 
The number of aphids developing on treated 
plants was relatively consistent, whereas vari- 


Production of nymphs in 5 days by isolated summer apterou 
treated with 4.1 p.p.m. of 2,4-D dimethyl amine. 


, Washington, 1958. 


3 Test 4 


Test 


Untreated Treated Untreated Treated 


46 
56 
48 
41 
19] 


43 
48 
4] 
50 
182 


42 
14 
25 
48 
159 
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ability was much greater in aphids on untreated 
plants. Apparently treated plants caused a 
maximum development of pea aphids regardless 
of factors that tended to limit their development 
on untreated plants. 

Experiments with viviparae isolated in small 
leaf cages (tables 2 and 3) showed a small but 
rather consistent increase in progeny. By com- 
paring these figures with table 1, it seems that 
the small advantage in reproduction noted may 
be very significant in nature. If the progeny of 
isolated females had been permitted to reproduce, 
it is likely that much greater differences in total 
progeny would result. There were insufficient 
data to indicate increased longevity of aphids on 
plants treated with 2,4-D, but aphids on treated 
plants produced more progeny in an identical 
period. 


a 


[_] UNTREATED 
@ TREATED 


oe &@ @ @ & & & 


% ORYWT. & % TOTAL NITROGEN 
% FREE AMINO NITROGEN 


3 6 14 
AMINO N 


DAYS 3 14 3. 6 14 
DRY WEIGHT TOTAL N 


Fic. 2.—Nitrogen and dry matter analyses of leaves 
from tops of broad bean plants at 3, 6, and 14 days after 
treatment with 41.0 p.p.m. of 2,4-D dimethyl amine. Dry 
matter expressed as percentage of wet weight; total and 
amino nitrogen expressed as percentage of dry weight. 


Treated plants did not increase the growth rate 
of grasshopper nymphs. If nutrition is a factor, 
it is possible that the grasshopper, a chewing in- 
sect, could compensate for a nutrient deficiency 
by increasing its food consumption, whereas a 
sucking insect, such as the aphid, might be unable 
to do so. Grasshopper nymphs on untreated 
plants apparently ate more leaf material during 
similar periods of time, although the exact 
amount of plant material ingested by each group 
was not determined. 

Total nitrogen decreased in the leaves during 
the first few days after treatment with 2,4-D, 
but increased by the ninth day (table 4). The 
percentage of dry weight and weight of total 
nitrogen remained relatively stable in growth tips, 
whereas the percentage of free amino nitrogen 
increased (figure 2). 

The tops of treated and untreated broad beans 
showed quantitative but not qualitative dif- 
ferences in free amino acids (table 5). At least 
15 amino acids were distinguished, 12 were iden- 
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tified, and 5 were in sufficient concentration to be 
measured quantitatively. All the measurable 
free amino acids were shown to increase in tops 
at 6 and 9 days after treatment, though not to 
the same degree. There was no great visible 
difference in the intensity of color spots of free 
amino acids that were found at a level too low 
to be measured by the procedure used. Treated 
plants showed a marked increase in the tripeptide 
glutathione, visually estimated at about a 200 
percent increase. Unfortunately, the pink color 
developed for this compound by ninhydrin could 
not be accurately measured with the colorimetric 
procedure used. 


Table 3.—Production of nymphs by summer apterous 

viviparae of pea aphids isolated on the first four leaf 

pairs (four aphids) of broad beans treated with 2,4-D 
dimethyl amine.? Pullman, Washington, 1958. 


9 Days—Untreated 9 days—Treated 


261 
263 
289 
259 


Treatment 
4.1 p.p.m 


Total 1072 1250 


305 331 
256 271 


Total 561 602 | 


~ 
= 
Lv 
v 
_ 


41.0 p.p.m 


*Nymphs removed every 3 days, before they had time 


to mature and produce young. 


DISCUSSION 

The present study indicates that the herbicide 
2,4-D can cause increased reproduction of aphids 
on affected plants. The growth rate of grass- 
hoppers was not increased. A concurrently-run 
field test on treated cabbages indicated numbers 
of the cabbage aphid, Brevicoryne brassicae (L.), 
to be greatly increased, whereas larvae of 
the cabbage looper, Trichoplusia ni (Hbn.), 
and diamondback moth, Plutella maculipennis 
(Curtis), did not appear in larger numbers. A 
relatively high and uneven rate of parasitism in 
this field experiment did not permit definite con- 
clusions to be made. However, as in the case of 
pea aphids and grasshopper nymphs, possibly 
2,4-D may benefit sucking more than 
chewing insects. Further confirmation is indi- 
cated by Hocking (1953). He found no statisti- 
cally significant difference between seedlings ger- 
minated in distilled water with 2,4-D plus nutrient 
salts and seedlings without 2,4-D as food for 
larvae of the pale western cutworm, A grotis 
orthogonia Morr. 

A selective advantage to aphids, and perhaps 
to other sucking insects, is their passive feeding 
habits. Accordingly, an increase in nutrients in 


insects 
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food would be advantageous, whereas chewing 
insects could possibly eat more of a less nutritious 
food. The passive nature of feeding by aphids 
has been rather elegantly demonstrated (see 
Kennedy and Stroyan 1959). The peculiar fact 
that the diet of a viviparous aphid affects the 
fecundity of its offspring (see Kennedy and 
Stroyan 1959) suggests that 2,4-D may benefit 
aphid populations to a degree not indicated by 


Table 4.—Total nitrogen determinations expressed as 

percentage of wet weight on leaves IR, 2L, 3L, and 4L 

of the broad bean plant treated with 4.1 p.p.m. of 2,4-D 
dimethyl amine. Pullman, Washington, 1958. 


Days after Percentage nitrogen 


>< ent 7 on 
eae Untreated lreated 


54 57 


dé 

94 
12 
67 
58 
&9 
86 
55 
64 
65 
68 


“See figure 1. 


merely examining the reproductive rate of one 
female. Further experimentation might show 
that the progeny of aphids feeding on affected 
plants had an increased rate of fecundity. 

It may be argued that the four amino acids 
found increased in free concentration are not those 


Table 5. 
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demonstrated as “‘essential” for insects or mam- 
mals, and therefore may be of little consequence. 
However, “nonessential” amino acids must be 
synthesized if they are required and are lacking. 
Furthermore, the essential nature of amino acids 
may require further elaboration, particularly in 
the light of the findings of Lockart and Eagle 
(1959). They reported that ‘‘nonessential’”’ amino 
acids, notably serine, are necessary and sufficient 
nutritional supplements for the growth of single 
human cells in tissue cultures. 

The increased level of glutathione noted in the 
tops of treated plants seems of considerable 
significance. Schultz and Trager (cited by Trager 
1953, p. 366) found glutathione to favor the 
growth of Drosophila and Aedes larvae. Singh 
and Brown (1957) found glutathione essential for 
normal growth and development of Aedes aegypti, 
and impossible to replace by its component 
amino acids. 

With the expanded use of synthetic organic 
insecticides, a marked buildup of some pest 
insects has been explained in terms of destruction 
of their predators and parasites. Concurrently, 
however, a great variety of plant-growth-regulat- 
ing chemicals have come into use. For example, 
the herbicide 2,4-D in low concentration is used 
to prevent fruit drop in a number of plants. 
Since, in this study, the rates of 2,4-D used had 
very little effect on the plant, it is likely that 
rates causing effects similar to those in fruit pro- 
duction were studied. For this reason, it appears 
that the use of plant-growth regulators in crop 
production may significantly affect phytophagous 
insects. A need for further studies on the effect 
of these chemicals on insect populations is 
indicated. 


Free amino acids in micrograms per 100 milligrams of lyophilized 


leaves from the tops of normal broad bean plants and broad bean plants 
treated with 4.1 p.p.m. of 2,4-D dimethyl amine." 
Pullman, Washington, 1958. 


6 days 


Amino Acids 
Untreated 


Alanine 
Arginine 
Asparagine 
Aspartic acid 
Glutamic acid 
Glutamine 
Glutathione! 
Glycine 
Lysine 
Proline 
Serine 
Threonine 


«+=faint spot, +=distinct spot on chromatogram. 
bA tripeptide. 


Treated 


9 days 


Untreated Treated 


87 75 213 
+ 

102 
165 
+ 


+ 
+ 

ot 
+ 


RE 
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ABSTRACT 


Host-plant resistance to the European corn borer is 
manifested as increased larval mortality, inhibition of 
larval growth, and reduction in larval feeding. Leaf 
lesions caused by larval feeding are smaller and fewer 
per infesting borer on resistant lines than on susceptible 
lines of corn. Resistance factor A (6-methoxybenzoxazo- 
linone) exerted a deleterious effect on feeding of first- 
instar larvae, acting as a feeding deterrent and not as a 
simple repellent. Reducation in duration of larval feed- 
ing was proportional to RFA concentration, but inhibi- 
tion of larval growth by RFA could not be accounted 
for on this No significant correlation between 
feeding suppression and growth inhibition was found in 
experiments using a series of 15 benzoxazolinone and 


basis. 


The resistance of corn to the establishment and 
survival of European corn borer larvae is, unques- 
tionably, an example of resistance through anti- 
biosis, according to the terminology of Painter 
(1951, 1958). Antibiosis is manifested by a num- 
ber of deleterious effects on the insect resulting 


from its feeding on resistant plants. These effects 


include: ‘‘death of the insect often during the 
first instar, abnormal length of life, reduction 
in food reserves sometimes followed by unsuccessful 
hibernation, smaller size, decreased fecundity 
and frequently restlessness and other behavior 
peculiarities,’ (Painter 1958). Five mechanisms 
by which antibiosis might be implemented were 
also suggested: (a) specific deleterious chemicals 
(toxins) ; (b) nutritional deficiencies in plant parts; 
(c) quantitative differences in nutrients; (d) 
nutrients present, but unavailable to the insect; 
and (e) repellent chemicals that prevent feeding, 
the insect thereby subjected to starvation. 
Varietal resistance of corn to the European 
corn borer has been shown to be antibiosis pri- 
marily of type (a), in that it is caused by the 
presence of borer-toxic chemicals in the plant 
tissue (Beck 1951, 1957b, Beck and Stauffer 1957). 
The principal chemical resistance factor has been 
identified as 6-methoxybenzoxazolinone, termed 
Resistance Factor A (RFA) for convenience (Beck 
and Stauffer 1957, Loomis et al. 1957, Smissman 
et al. 1957). The evidence reported in these papers 
indicated that RFA was toxic to newly hatched 
borers, causing an inhibition of growth and an 
increase in mortality during the first and second 
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benzothiazole analogs. Lowering of RFA inhibitory 
action by high concentration of dietary sugar was not 
caused by a masking of RFA effects on feeding behavior 
The available evidence indicates that RFA inhibited 
larval growth by metabolic action, not via behavioral 
effects. Under field conditions, larval mortality on 
borer-resistant plants was higher than that observed in 
the laboratory among larvae on purified diets containing 
comparable concentrations of RFA. The reduced feed- 
ing and inhbiited growth induced by RFA probably 
tends to increase larval mortality through prolonging 
the exposure of the weakened larvae to adverse environ- 
mental conditions 


larval instars. Feeding behavior experiments 
clearly showed that the larvae were attracted to 
and would feed on diets containing homogenized 
leaves of young, highly resistant corn plants 
(Beck 1956b). It seemed unlikely, therefore, 
that resistance could be antibiosis of type (e), in 
which repellent compounds prevented establish- 
ment and survival of the larvae. These two 
types of antibiosis may be difficult to separate 
experimentally, as pointed out by Painter (1958), 
especially in instances where the same substance 
may be both toxic and repellent. 

Repellency is not necessarily the only adverse 
effect on feeding behavior that might be exerted 
by a plant-borne chemical. In the feeding be- 
havioral sequence of (1) orientation, (2) biting 
or piercing, and (3) maintained feeding (Thorpe 
et al. 1947), a substance might prevent normal 
behavior at any of these three points. A purely 
repellent substance should be expected to prevent 
normal orientation, or if very weakly repellent, it 
might prevent biting. A feeding deterrent, such 
as Beta-alanine, suppresses the maintenance of 
feeding, but probably does not influence either 
orientation or biting (Beck and Hanec 1958) 
A plant chemical might contribute to host plant 
resistance through an adverse effect on feeding, 
and yet not be a repellent compound. The rela- 
tionships between an insect and its host plant 
may be upset by influences far too subtle to be 
classified simply as repellent. 

The field observation that feeding lesions per 
infesting borer tend to be larger and more nu- 
merous on the whorl leaves of susceptible varieties 
than on those of resistant ones is evidence that 
adverse feeding effects are associated with 
resistance (Huber 1937, Dicke and Penny 1954, 
Bell 1955). This observation considered together 
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with the finding that borer resistant corn leaves 
readily induced larval feeding (Beck 1956b) 
indicates that resistant plants affect feeding be- 
havior by som. mechanism other than simple 
repellency. The influence of saccharotrophism 
on the borer’s feeding behavior on the host plant 
and on the manifestation of host-plant resistance 
has been discussed in earlier papers of this series 
(Beck 1956a, 1957a). The present paper deals 
with the results of a study of the influence of 
Resistance Factor A and closely related com- 
pounds on feeding behavior, and also of the 
relationships, if any, between behavioral and 
physiological effects of such substances. 


Table 1.—Composition of purified diets employed in 
experimental studies of feeding and growth of 
European corn borer larvae. 


a ‘ Concentration 
Constituent 
(mg./gm.) 
Behavior 
diet 


Resistance 
diet 


Water 

Bacto-Agar 

Fibrous cellulose 
Powdered cellulose 
Dextrose 

Casein (Vitamin Test) 
Corn oil (1% vitamin E 
Cholesterol 

Inorganic salts 
Brewers yeast powder 
Choline chloride 

Corn leaf factor 
(alfalfa concentrate ) 


METHODS AND MATERIALS 

Experiments designed to measure the effects of 
different chemicals and plant extracts on borer 
feeding behavior were of two types. The first, and 
most used, was that described in previous publica- 
tions (Beck 1956a, b, c, d, Beck and Hanec 1958). 
In these experiments, groups of newly hatched, un- 
fed larvae were confined in petri dishes and con- 
fronted with a “choice” of feeding on either of 
two diets, each of which was represented by four 
circular disks of agar-based purified diet (table 1). 
One diet was always a control, and the other con- 
tained the substances being tested. After the 
larvae had been so confined for 24 hours, counts 
were made of the number feeding on each of the 
agar disks. Each treatment was replicated eight 
times per experiment, and all experiments were 
run at least three times. From the proportion 
of the larvae feeding on the experimental diet in 
preference to the control diet, the effect of the 
substance being tested was expressed as a per 
cent response. Since only two diets were involved 
in any one experiment, a response greater than 
50 per cent was interpreted as a positive or 
stimulatory effect. Conversely, a response under 
50 per cent indicated a negative or suppressive 


Pyrausta nubilalis and Its Principal Host Plant 


207 


effect on feeding. The data obtained were inter- 
preted as being an indirect measure of the effect of 
the experimental variable on the duration of 
larval feeding, as this was previously found to be 
the principal effect of different amounts and kinds 
of sugars (Beck 1956d). This experimental 
method is referred to hereafter as the ‘“‘petri dish 
method.”’ 

The petri dish method was found to have some 
limitations, in that it did not permit a distinction 
between the two effects leading to a positive 
response (attraction and feeding maintenance) or 
between the two mechanisms possibly involved 
in a negative response (repellence and feeding 
suppression). The method yeilded only three 
possible interpretations: positive, negative, or 
neutral responses. In order to overcome these 
limitations, a supplementary experimental method 
was developed and used in some aspects of the 
study. The new technique was a modification of 
the time lapse photographic method described by 
Beck et al. (1958) in a study of the feeding 
behavior of the milkweed bug, Oncopeltus fasciatus 
(Dallas). The apparatus used (figure 1) consisted 
of two small blocks of diet (one of which was of 
control diet) in a small glass dish (5.5 cm. in 


EXPERIMENT NO. REPLICATE 


CLEAR PLASTIC COVER 


BEHAVIOR ARENA~ 
WHITE PAPER BACKING 


MOIST DENTAL ROLL i LOCK OF DET 
i PETR: OISH, 5.5 CM 


SO K 90 CRYSTALLIZING DISH 
Pic. 1. 


photographic record of the feeding 
hatched European corn borer larvae 


Experimental set up for obtaining time-lapse 
behavior of newly 


diameter). An egg mass which was within an 
hour or so of hatching was placed in the dish, 
a plastic cover was installed. The rest of the 
arrangement shown in figure 1 was necessary to 
standardize moisture conditions within the be- 
havior arena. The apparatus was set up under 
a Kodak Cine Special II 16-mm. movie camera 
fitted with an extension lens to provide the proper 
field size. Lights and camera were controlled by 
a Samenco Movie Control timer set to expose 
one film frame every 2 minutes. The hatching 
and feeding of the larvae were thereby recorded 
on 16-mm. movie film. On analysis of the film, 
larvae were considered to be feeding if they were 
on the diets or if their heads were in contact with 
the block of agar diet. The inability to distin- 
guish “resting” larvae from those feeding un- 
doubtedly represented a source of error. Such 
error was probably small, however, as microscopic 
observations of first-instar larvae showed that 
they tended to wander freely when not actually 
feeding. This was not always true of later 
instars, however. This testing technique is re- 
ferred to hereafter as the ‘“‘time-lapse method.”’ 
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The effects of RFA and related chemicals on 
larval growth were determined by rearing newly 
hatched larvae on “‘resistance’”’ diets (table 1), 
to which known amounts of the test chemicals had 
been added. The results were expressed as per- 
cent inhibition of growth, based on the weight 
gained by the control larvae receiving unmodified 
diet. The assays were of 8 days’ duration, at 
which time the control larvae were in the latter 
part of the third stadium. The rearing method 
was that of Beck and Stauffer (1950), with one 
important modification. According to the origi- 
nal technique, surface-sterilized eggs were trans- 
ferred one at a time from an alcohol rinse into 
individual vials containing the dietary media. 


100 


Glucose (0.008 M) 


IN PER CENT 


(0.005 M) 


8 
8 


(0.004 M) 


ay > 
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Fic. 2.—Effect of Glucose, L-alanine, Beta alanine, 
and RFA on the feeding behavior of first instar European 
corn borer larvae over a 10-hour period 


This method was generally satisfactory, but an 
occasional high incidence of egg mortality would 
ruin an experiment. Under the modified pro- 
cedure, the surface-sterilized eggs were trans- 
ferred in groups of 50 to 70 to sterile agar slants 
containing no nutrients. The slants were made 
up in large (100 ml.) test tubes and contained 2 
percent agar. The eggs were then incubated for 
18 hours at 30° C., at which time all of the viable 
eggs had hatched. The larvae were then trans- 
ferred to individual rearing vials by the use of a 
sterile nichrome wire needle. This transfer was 
effected under aseptic conditions in a transfer 
chamber. Although somewhat slower and more 
tedious, the modified technique has proved to 
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be much more satisfactory than the original 
method. Between 20 and 25 larvae were started 
on each diet, and rearing was in a dark incubator 
at 30° C. Mortality among the controls was 
usually about 10 percent. 

The resistance factor analogs tested in this 
study were obtained commercially (Eastman) or 
were synthesized by Professor Edward E. Smiss- 
man of the Department of Pharmaceutical 
Chemistry, University of Wisconsin. 

Table 2.—Effect of 6-methoxybenzoxazolinone (RFA) on 
feeding behavior of first instar European corn borer. 


RFA 
Concentration 


mg./gm. diet 


Feeding Response 


0O (control 19.8 
05 49 4 
1] 45.4* 
22 10.0** 
30.8** 
55 mo 


‘Standard error of the mean. 

*Difference from control significant at the 0.05 level 
of probability 

**Difference from control 
of probability 


ignificant at the 0.01 level 


RESULTS AND DISCUSSION 


In an earlier paper of this series (Beck and 
Stauffer 1957), it was reported that plant con- 
centrates containing different amounts of RFA 
did not differ significantly in their effects on the 
feeding behavior of newly hatched European corn 
borer larvae. The experiments involved the use 
of impure concentrates of RFA also containing 
unknown amounts of unidentified plant 
stituents. Since all of the preparations stimu- 
lated borer feeding to approximately — equal 
extents, it was concluded that RFA itself exerted 
little or no effect. After the resistance factor had 
been characterized and synthesized (Smissman 
et al. 1957), sufficient quantities of the pure 
substance were available to permit a more exact 
determination of its effect on larval feeding. 
Using the petri-dish method, a number of con- 
centrations of RFA were tested. The results 
(table 2) clearly demonstrated that RFA had a 
deterrent action on feeding. There was an 
inverse relationship between RFA concentration 
and the percent of the larval population feeding 
on the treated diets at the end of the 24-hour 
experimental period. In the earlier work, this 
effect was probably obscured by borer-attractive 
impurities present in the plant extracts used. 

The effects of RFA and other plant-borne 
chemicals on feeding behavior was further studied 
by means of the time-lapse method. This method 
permitted a distinction to be drawn between 
attraction (olfactory response) and feeding stimu- 
lation (gustatory response). The response curves 


con- 
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obtained for some of the substances tested are 
shown in figures 2 and 3. These data were ob- 
tained through frame-by-frame counts from the 
film records, with hourly averages of the percent 
of the population feeding on the experimental 
diet being plotted against the number of hours 
elapsing since eclosion. Each curve represents the 
average of three replicates of a separate experi- 
ment. The responses to the control diets (with- 
out indicated adjuvant) were not plotted in the 
figures Because each experiment involved con- 
fronting the larvae with a choice of two diets, a 


Young Corn Leaf 
(25 mg/g) 


Glucose (0.008 M) 
+ RFA (0.003 M) 


IN PER CENT 


uJ 
w 
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a 
—) 
uJ 
ac 
oO 
z 
a 
uJ 
uJ 
we 


23 45 67 8 9 10 
TIME IN HOURS 


Fic. 3.—Effect of homogenized corn leaf tissue and a 
mixture of glucose and RFA on the feeding behavior of 
first instar European corn borer larvae over a 10-hour 
period. 


+0 percent response indicated a random distribu- 
tion of larvae and, therefore, no measurable 
response to the test substance. A_ response 
greater than 50 percent was taken as indicative 
of a positive or stimulatory effect. Less than 50 
percent was the result of a negative or deterrent 
effect on feeding. 

The curve of response to glucose (figure 2) 
showed an initially random distribution between 
glucose and control diets. After 2 hours, the 
distribution became shifted in favor of the diet 
containing glucose. This trend continued until 
an equilibrium was established at approximately 
6 hours after hatching. L-Alanine evoked a 
similar response curve, as did a number of other 
amino acids and sugars. RFA and Beta-alanine 
produced similar, but negative, response curves 
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It has been shown (Beck 1956d) that sugars 
influence the duration of larval feeding, and the 
percent response obtained in the petri dish type 
of experiments was a simple reflection of a dif- 
ferential in feeding duration. The response 
curves shown in figure 2 are fully consistent with 
this interpretation. Glucose and _ L-alanine 
tended to prolong feeding, compared to the 
borer’s response to the control diet. RFA and 
Beta-alanine, on the other hand, shortened larval 
feeding periods, compared to the control diet, 
and produced a negative response curve. Since 
these effects are, in all likelihood, dependent on 
contact chemoreception, the responses were inter- 
preted as being primarily gustatory. 

Table 3.—Effects of benzoxazolinone and related 

compounds on growth and feeding behavior of the 


European corn borer. All compounds tested at a 
concentration of 0.25 milligrams per gram of diet. 


Percent 


Compound Feeding 


response 


Growth 
inhibition 


0Q** 41 .9*°* 


4e* 39.5** 
(** 42 7% 


Benzoxazolinone 43 
6-Methoxybenzoxazolinone 45 
6-Methylbenzoxazolinone 46 7 
6-Chlorobenzoxazolinone 50.8** 29.0** 
Naphthoxazolinone 28 19.8** 
o-Aminophenol 1] a 
Benzoxazole 0 50.1 
2-Methylbenzoxazole 0 19 6 
5-Methoxy-2-nitrophenol 0 50.3 


*Difference from control significant at the 0.05 level 
of probability. 

**Difference from control significant at the 0.01 level 
of probability 


The response of borer larvae to a diet contain- 
ing homogenized corn leaves is indicative of 
olfactory attraction (figure 3). The photographic 
film record of these experiments showed that as 
the eggs hatched, the young borers tended to 
move directly toward the diet containing leaf 
tissue. Such orientation produced the steeply 
rising response curve shown, and must have been 
caused by the presence of attractants in the leaf 
tissue. After a few hours the response dropped 
off somewhat, to reach an equilibrium at about § 
hours. The equilibrium level was considerably 
lower than the maximum response, the latter 
having occurred at about 4 hours after hatching. 
This effect may have been due to adaptation of 
the larvae to the attractants contained in the leaf 
tissue and to the presence of feeding deterrents, 
such as RFA. The addition of RFA to a diet 
containing glucose also caused a depression of 
response after about 6 hours (compare figures 2 
and 3). Analyses of young corn leaves compar- 
able to those used in these experiments showed 
that they contained from 125 to 155 micrograms 
of RFA per gram of leaf tissue 
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Finding that purified RFA had a significantly 
negative effect on borer feeding behavior, as here 
measured, implies that the reduced leaf feeding 
observed on resistant plants may be accounted 
for on the same basis as the increased mortality 
and inhibited growth; that is, by the tissue con- 
centration of 6-methoxybenzoxazolinone. 

These results bring into question the actual role 
played by RFA in host plant resistance to borer 
establishment and survival. It might act pri- 
marily as either a metabolic growth inhibitor or 
as a feeding deterrent, in the latter case inhibiting 


80 
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= 
uJ 
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RFA (mg/g) 


Fic. 4.—Effect of resistance factor concentration on 
growth, mortality and feeding behavior of newly hatched 
larvae of the European corn borer 


growth via partial starvation. Or, as seems more 
likely, manifested resistance might be the end 
result of a combination of the two effects. This 
is a problem of considerable theoretical impor- 
tance, as it touches on the mildly controversial 
question of causal relationships between phys- 
iological and behavioral aspects of host plant 
specificity (Fraenkel 1953, Dethier 1954, Kennedy 
and Booth 1951, Kennedy 1958, and Friend 1958). 
This problem was subjected to detailed experi- 
mental investigation. 

A number of compounds closely related to 6- 
methoxybenzoxazolinone were tested for their 
effects on both larval growth and feeding behavior 
(tables 3 and 4). At the concentration used (0.25 
mg/g diet), none of the substances stimulated 
either feeding or growth. Large differences were 
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observed, however, in their relative effects on the 
two processes. Benzoxazolinone and its 6- 
methoxy, 6-methyl, and 6-chloro analogs were 
approximately similar in their inhibitory effects 
on larval growth. The chloro analog, 6-chloro- 
benzoxazolinone, exerted a stronger suppressive 
effect on feeding than did the other three analogs. 
Naphthoxazolinone was a weak growth inhibitor 
at this concentration, but had a strong suppressive 
effect on feeding behavior. The sulfur derivative 
2-thiolbenzoxazole was similar to naphthoxazo- 
linone in its effects. Ortho-aminophenol affected 
feeding behavior to about the same extent as 
RFA, but was without significant effect on growth 
at the concentration tested. Benzoxazole and 2- 
methylbenzoxazole were without measurable ef- 
fect on either feeding or growth. 2-Phenyl- 
benzothiazole strongly suppressed feeding, but 
caused no inhibition of growth. On the other 


Table 4.—Effects of benzothiazole and related 
compounds on growth and feeding behavior of the 
European corn borer. All compounds tested at a 
concentration of 0.25 milligrams per gram of diet. 


Percent 


Compound Feeding 


response 


Growth 
inhibition 


59 .0** 44 0 
ne 47.5 
60.5** ou” 


Benzothiazole 
2-Methylbenzothiazole 
2-Aminobenzothiazole 


2-Amino-6- 

methylbenzothiazole 54.3** 30 .7%* 
2-Phenylbenzothiazole 0.0 72" 
2-Thiolbenzoxazole 28 .5* 12.5°* 


*Difference from control significant at the 0.05 level 


of probability. 
**Difference from control significant at the 0.01 level 


of probability. 


hand, no significant effect on feeding was ob- 
served with either benzothiazole or 2-methyl- 
benzothiazole, but they were found to be effective 
inhibitors of larval growth. The calculated co- 
efficient of correlation between the observed feed- 
ing and growth effects was only —0.097; whereas, 
a value of —0.514 was required for a statistically 
significant correlation among these data. 

The saccharotrophic behavior of the borer not 
only influences its orientation on the corn plant 
(Beck 1956a), but also appears to be of impor- 
tance in the manifestation of host plant resistance 
(Beck 1957a). It was found that RFA had a 
much lower inhibitory action on borer growth if 
the dietary substrate contained large amounts of 
sugar. than was the case if sugar was either 
absent or present in low concentration. This 
effect might be accounted for in either of two 
ways: (1) sugar might be involved in the 
metabolic degradation and elimination of RFA, 
perhaps as a glucuronide (Bray et al. 1952); or 
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Table 5.—Effect of supplementary dietary glucose on the inhibition of growth and feeding 
of European corn borer larvae, caused by Resistance Factor A and its 6-chloro analog. 


Percent 
Growth inhibition 


Compound 


Low glucose 
7 mg./gm. 


6-Methoxybenzoxazolinone 60.2 
6-Chlorobenzoxazolinone 62.5 


High glucose 


Percent 
Feeding response 


High glucose 
36 mg./gm 


Low glucose 


36 mg./gm. a 


34.9 3e 
24.3 2 


ics 
66.0 


**Difference from low glucose response significant at 0.01 level of probability 


(2) the deterrent effect of RFA on larval feeding 
might be over-ridden or masked by the strong 
stimulatory effect of sugar. The latter possibility 
was not supported by the results of experiments 
in which the effect of supplementary sugar on the 
action of RFA was compared with its effect on 
the action of 6-chlorobenzoxazolinone (table 5). 
In each of these experiments, the control diets 
contained the same sugar concentration as did 
the diets containing the resistance chemicals. If 
glucose were to nullify the effect of the resistance 
factors on feeding behavior, the observed feeding 
responses should have been closer to 50 percent 
(random) on the high glucose diets than on those 
containing the smaller amount. The data do 
not show such a tendency, as the feeding response 
was not modified by the presence of supplemen- 
tary glucose. These results are not inconsistent 
with the response curves shown in figures 2 and 
3, as the modified response to diets containing 
both glucose and RFA was obtained in experi- 
ments in which the control diet contained neither 
substance. Dietary glucose greatly reduced the 
growth inhibition caused by RFA (table 5), but 
had no influence on the inhibitory effect of the 
6-chloro analog. Bray et al. (1952) found that 
benzoxazolinone administered to rabbits was 
excreted as the 6-glucuronide. The compound 
was apparently hydroxylated in the 6 position 
and then conjugated with glucuronic acid and, to 
some extent, with other acids. A methoxy group 
at position 6 would not effectively block such 
degradation; whereas a chloro at that position 
might prevent the initial hydroxylation. The 
data indicate that RFA inhibits growth via a 
metabolic interference rather than a deleterious 
effect on feeding. 

Under the conditions of this investigation, no 
evidence was obtained that would support the 
concept of a direct relationship between the 
behavioral and growth effects of the resistance 
factor analogs tested. If it were possible to 
obtain a chemical that was absolutely unaccept- 
able to the larvae, such a substance would prevent 
larval growth through simple enforced starvation. 
There is, probably, no such absolutely unaccept- 
able substance, and in growth experiments of the 
type used, an initial period of starvation would 


tend to lower the insect’s acceptance threshold to 
the point where feeding would occur. In the 
growth experiments, the larvae were not con- 
fronted with more than one diet as possible 
feeding sites. It is likely, therefore, that they 
became conditioned to the diet, even though it 
contained substances unfavorable to feeding. 
This explanation was suggested previously to 
reconcile the observations that grass juice con- 
centrates added to the basal purified diet were 
(1) highly repellent to the larvae, but (2) highly 
stimulatory to larval growth (Beck 1956c). 
Larval growth was not necessarily influenced by 
any effect a given diet might have had on feeding 
behavior, as determined under experimental 
conditions in which the larvae were given a 
“choice” of diets on which to feed. The results 
obtained in this study show that the two effects 
are fundamentally separate. 

European corn borer larvae on a corn plant are 
strongly influenced by plant-borne chemicals 
affecting both feeding behavior and larval growth. 
On the host plant, the two effects are not as 
clearly separable as they are under the more 
artificial conditions of laboratory experimentation. 
The RFA content of the whorl leaves determines, 
in part at least, the size and number of feeding 
lesions and the growth rate of the larvae. It is 
expected that both reactions to RFA contribute 
to the manifestation of host plant resistance. 
The higher RFA content of the whorl leaves of a 
resistant plant, as compared to a susceptible 
variety, would cause the newly hatched borers 
to wander for a longer period prior to establish- 
ment and intensive feeding. This would tend 
to increase larval mortality, simply by increasing 
larval exposure to environmental hazards such as 
desiccation, dislodging, predation, and ultraviolet 
exposure. Even on a suitable corn host, such 
factors are responsible for an approximately 90 
percent mortality of the borer population (Painter 
and Ficht 1925, Springer 1930, Huber 1936). 
The larvae were protected from all of these 
adversities in the laboratory experiments de- 
scribed in this report. 

An above normal plant tissue concentration of 
RFA also inhibits larval growth, which tends to 
increase the incidence of larval mortality (Beck 
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and Stauffer 1957). Even under the protected 
conditions of laboratory experiments, increasing 
concentrations of RFA caused increased mortality 
as well as increased inhibition of growth. Of the 
many other growth-inhibiting compounds assayed 
during this study, nearly all showed correlated 
effects in respect to growth inhibition and 
mortality. 

Chemical analyses of RFA in corn plants 
revealed a concentration range from 0.003 to 
0.260 milligrams per gram of fresh tissue (Beck 
et al. 1957). Although this aspect has not been 
studied extensively, distinct varietal differences 
in RFA concentrations have been found con- 
sistently, with the borer-resistant inbred W22R 
containing from 2 to 10 times as much RFA in 
its different tissues as the borer-susceptible WF9. 
Within both genetic lines, however, great indi- 
vidual variability in RFA content has been found 
among the plants sampled. Such results suggest 
that the inbreds are not homozygous in regard to 
genetic factors influencing RFA production. In 
a previous paper (Beck 1957b) it was reported 
that Resistance Factor C (RFC) accounted for 
approximately half of the resistance factor activ- 
ity in whorl leaves of plants in a near-tassel growth 
stage. It is now known that RFA is the principal 
active constituent of the RFC molecule (Smiss- 
man, personal communication). The effective 


range of 6-methoxybenzoxazolinone in whorl tis- 


sue, therefore, approaches a maximum of about 
0.5 milligrams per gram. 

Under the experimental conditions employed in 
this study, RFA concentrations as low as 0.1 
milligram per gram of diet had detectable adverse 
effects on larval growth, survival, and feeding 
(figure 4). At such a low level the effects were 
very slight, but increased markedly with increas- 
ing concentrations. Within the range of resist- 
ance factor concentrations found in corn plant 
tissues, up to 70 percent growth inhibition, 45 
percent mortality, and greatly reduced feeding 
were observed. The experimental conditions 
employed were more favorable for borer growth 
and survival than those encountered under field 
conditions. It is considered likely, therefore, 
that these adverse effects would be even greater 
on the borer’s natural host plant 
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CNEPHIA ENDERLEIN (DIPTERA)! 
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ABSTRACT 


Cnephia villosa (Wyoming and Utah), C. freytagi 
(Wyoming), and C. jeanae (Utah and Wyoming) are de- 
scribed and figured. These species, with three other 
Nearctic species and a number of Palaearctic species, 


The three new species of Cnephia End. described 
herein belong to a group for which Shewell (1958) 
used the subgeneric name A stega Enderlein. We 
do not use the name here, although we feel that 
the group is worthy of at least subgeneric desig- 
nation. In correspondence, Dr. Alan Stone of 
the United States National Museum expressed 
the opinion that Cnephia pecuarum (Riley), the 
type of Cnephia, and Cnephia lapponica Enderlein, 
the type of Astega are very close. He stated that 
in specimens of C. lapponica determined by 
Rubtzov, the pupal filaments come off of a knob 
just as in C. pecuarum; the cocoon is very loose 
and ill-defined; there are strong terminal hooks; 


and a mesopleural tuft is not present in the adults. 
According to Stone, if Rubtzov has determined 
lapponica correctly, then another name must be 
found for the group currently going under the 


name Astega. Rubtzov (1956) did not use the 
name. 

In addition to the characters of the genus 
Cnephia as currently defined (Stone and Jamn- 
back 1955), the group to which the three new 
species belong is characterized as follows: 

Adults with a tuft of hair on the meso- 
pleural membrane, a character that im- 
mediately separates them from all other 
North American Simuliidae. Tarsal claws 
of female each with a large tooth; arms of 
genital rod expanded into rectangular- 
shaped plates. Dististyle of male with a 
single tooth. Respiratory filaments numer- 
ous, numbering from 35 to more than 100, 
arising usually from stout trunks; terminal 
hooks small or absent; cocoon closely woven, 
boot-shaped. Submentum of larvae with all 
teeth small; throat cleft deep, reaching at 
least to the posterior margin of the 
submentum. 

The members of the group differ from the sub- 
genus Cnephia as delimited by Stone and Jamn- 
back (1955) in the presence of a mesopleural tuft, 
possession of a well-defined cocoon, and lack of 
well-developed terminal hooks on the pupal abdo- 


constitute a group distinct from subgenus Cnephia and 
fall within subgenus Astega Enderlein as recognized by 
Shewell. It is probable that the latter name is incorrectly 
employed in current usage. 


men. In addition to the species described in 
this paper, the group includes (aside from a 
number of Palaearctic species) Cnephia sommer- 
manae Stone and C. saileri Stone, as well as the 
little-known C. borealis (Mall.) from North 
America. 


Cnephia villosa, new species 


FEMALE.—General color of dry specimens gray 
with the hair of the head including frons and 
clypeus, the thorax, abdomen and legs, except the 
tarsi, silvery white. The antennae and tarsi 
appear black with the hair having yellowish 
reflections. Integument of alcohol-preserved spec- 
imens dark brown, including the antennae and 
legs; ends of leg segments usually somewhat 
darker. Frons and clypeus with pale, recumbent 
or semirecumbent, pale hair; relative width of 
frons at narrowest to width of clypeus 1:1.7, to 
length of pedicel 1:0.5; frons diverging above to a 
width slightly subequal to width of clypeus. 
Antennae 1l-segmented, bead-like; pedicel and 
first flagellar segment equal in size. Palpus 
brown, third segment bulbous and darker; length 
ratio of segments 3 to 5 is 1:1:2-2.4. Sensory 
vesicle long, cylindrical, connected by a large 
opening at the distal and to the exterior. Man- 
dible broad, with about 50 serrations; maxilla 
with about 22 to 26 retrorse teeth. Median 
space of buccopharyngeal apparatus a deep U- 
shape (fig. 3), the arms of the U curving inward, 
moderately sclerotized. Scutum rather sparsely 
covered with pale, recumbent hair that is more 
dense and longer on the margins and on the 
humeri; with three distinct, narrow, pale vittae, 
the median one straight, the lateral ones usually 
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slightly convergent anteriorly and_ posteriorly. 
Scutellum slightly lighter than scutum and with 
long erect or semierect pale hair. Postscutellum 
dark brown, shining, bare. Pleural membrane 
with a tuft of white hair; mesipemeral tuft white. 
Wing length 3.0-3.5 mm.; wing veins white to 
pale yellow; basal cell small but distinct; hairs of 
stem vein and at base of costa pale; subcosta bare 
dorsally, with a row of 6 to 8 pale hairs ventrally. 
Halter white apically, stem yellowish to brown. 
Hind basitarsus about six times as long as greatest 
width; second hind tarsus about three times as 
long as wide, not narrowed basally; calcipala very 
small, pedisulcus practically absent. Claws slen- 
der, with large basal projection that is somewhat 
more than one-half the length of claw and wider 
than widest part of claw. Abdomen with tergites 
III-VI reduced; sternites VII and VIII sclero- 
tized, VIII in the shape of a broad V; segments 
covered dorsally with short recumbent pile and 
laterally with hair that is longer and more dense. 
Basal fringe long and pale. Genitalia: cercus 
twice as wide as long, somewhat rounded pos- 
posteriorly, slightly narrowed ventrally, densely 
setose. Anal lobe narrow dorsally, broad ven- 
trally, broadly rounded on anterior ventral mar- 
gin, posterior margin straight, not extending 
beyond apex of cercus, but produced inwardly 
beneath cercus. Ovipositor flaps (fig. 2) short, 
inner margin narrowly sclerotized. Arms of 
genital rod (fig. 1) expanding into large rec- 
tangular plates set at right angles to the arms. 
Ma.Le.—General color of dry specimens black, 
including the antennae; pleura and legs somewhat 
more brownish. Most of the pile black, especially 
the hair of the head, wings (except occasionally 
at base of costa), tarsi, and dorsally on the 
scutum and abdomen. The pleural tuft, mes- 
ipemeral tuft, lateral hairs of the scutum, erect 
hairs of the scutellum, and the basal fringe distally 
generally pale or giving silvery reflections. Leg 
hairs mostly dark, but, except on tarsi, giving 
silvery reflections. Scutum frequently with thin 
gray dusting. In alcohol-preserved specimens, 
color of integument dark brown, darker than 
female. Antennae brown, slender, scape and 
pedicel with long brownish hair; pedicel larger in 
diameter but slightly shorter than first flagellar 
segment; first flagellar segment broader distally 
than basaily. Length ratio of palpal segments 
3-5 is 1:1:2-2.2. Scutum with hair erect or semi- 
erect. Postscutellum dark, shining, bare. Wing 
length 2.5-3.0 mm.; hairs of stem vein dark; 
hairs at base of costa usually dark. Subcosta 
without hairs dorsally; a row of about six ven- 
trally. Hind tibia narrow proximally, swollen 
distally; hind basitarsus swollen, about 4.5 times 
as long as broad; second hind tarsus about three 
times as long as broad, not particularly narrowed 
basally; calcipala small, pedisculcus shallow. 
Abdomen with tergites broad, sternites narrow. 
Long hair laterally on abdominal segments ITI 
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and IV. Genitalia (figs. 4-6): Basistyle large, 
quadrate, tapered somewhat distally, greatest 
width equal to greatest length, moderately 
setose. Dististyle slightly shorter than basistyle, 
broadly curved, tapering to a sharp point, with a 
single terminal spine, moderately setose. Ven- 
tral plate broad, with a narrow, trough-like lip 
that is pointed apically; basal arms straight or 
slightly divergent, tapering toward tips, with 
long lateral projections that can be seen best from 
a posterolateral view. Parameres somewhat tri- 
angular ending in plates of long fine teeth. 

Pupa (fig. 12)—-Length about 4mm. _Respira- 
tory organ (fig. 11) reddish to brownish, with 
approximately 150 short, fine filaments arising 
from four trunks which, in turn, arise from a bulb- 
ous base as follows: a bulbous ventral trunk 
that bears up to four stubby extensions on its 
medial margin, a bifurcated ventrolateral trunk, 
and a long dorsal trunk that curves gently out- 
ward and has at its base a short lateral trunk 
This small lateral trunk extends beyond the fork 
of the adjacent ventrolateral trunk. The entire 
organ is bulbous and its branching can be seen 
best by detaching it or viewing it from a posterior 
angle. The dorsum of the head and thorax 
densely covered with minute, rounded tubercles 
giving it a roughened appearance; with about six 
slender trichomes on each side, usually two dor- 
sally, two laterally, and two below the base of 
the respiratory organ. 

Tergite I with a transverse row of 8-12 fine 
setae; II with a more or less continuous row of 
16-18 fine hooklets, including 2 in the lateral 
membranous area on each side; III and IV each 
with 14 hooks on the posterior margin (including 
2 in the lateral membrane on each side) and a 
fine hook offset anteriorly between the third and 
fourth hooks on each side; V with a row of about 
14 very fine setae near posterior margin; VI-VIII 
each with a more or less continuous row of rather 
stout, posteriorly-directed spines on anterior mar- 
gin, and scattered fine setae along posterior mar- 
gin, IX with a group of four strongly curved 
hooks on each side; terminal hooks absent. 
Sternite III with three hooks on each side and 
three more laterally; IV with four hooks on each 
side and three more laterally; V-VII with two 
hooks on each side, those of VI and VII more 
widely separated than those on V; VIII with a 
group of three strongly curved, two-pronged 
hooks on each side, IX bare. 

Cocoon closely woven, boot-shaped with a 
broad, anteroventral collar raised well above the 
surface, anterior margin well defined. Length 
4.5-5.0 mm. 

LAaRVA.—Length 7.5-8.0 mm. Color light 
brown to gray, paler ventrally. Head brown; 
head spots of frontoclypeal plate (fig. 8) rather 
indistinct except the median anterior and pos- 
terior spots which are surrounded by a lighter, 
somewhat yellowish, X-shaped area; a dark band 





1960] De Foliart and Peterson: 
with convex anterior margin extends along the 
posterior border of the plate; the anterior margin 
of the plate sharply pointed. Antenna longer 
than the stalk of the cephalic fan; third and fourth 
segments dark brown, first and second segments 
hyaline except for a brown spot dorsally on the 
first segment; the first and third segments equal 
in length and half as long as second segment. 
Mandible (fig. 9) very broad, with an elongated 
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hyaline area above the distal comb extending 
nearly half the length of the mandible and giving 
it an appearance of being separated apically into 
two parts; subterminal teeth with basad tooth 
longest, distad tooth slightly longer than the 
second tooth; eight or nine slender teeth following 
these; inner subapical margin with two con- 
vexities, the inner one with two large, contiguous, 
triangular-shaped teeth and a small tooth pos- 


i4 


EXPLANATION OF PLATE 1 
FiGureEs 1-12, Cnephia villosa: Fic. 1, female genital rod; Fic. 2, ovipositor; Fic. 3, female buccopharyngeal 
apparatus; Fic. 4, male ventral plate (ventral view); Fic. 5, male ventral plate (dorsal view); Fic. 6, male dististyle; 
Fic. 7, larval throat cleft; Fic. 8, larval fronto-clypeal plate; Fic. 9, larval mandible; Fic. 10, larval submentum; 
Fic. 11, pupal respiratory filaments; Fic. 12, pupal chaetotaxy. Fics. 13-14, Cnephia freytagi: Fic. 13, Pupal res- 
piratory organ; Fic. 14, female buccopharyngeal apparatus 
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terior to these. Submentum (fig. 10) triangular 
in shape, with five short, dull teeth on its concave 
anterior margin between lateral apices that 
usually each bear two flattened teeth, making a 
total of nine apical teeth; median tooth slightly 
longer than the lateral teeth; lateral margins 
with three or four serrations, and one long and 
three smaller epicranial setae mesad of each 
margin. Throat cleft (fig. 7) deep, extending 
to or slightly beyond posterior margin of sub- 
mentum; the lateral margins converging for 
about half the distance to the submentum, 
reaching a width equal to one-half the base 
width, from which point the margins are parallel. 
Suboesophageal ganglion conspicuous. The un- 
dissected pupal respiratory histoblast reddish 
with three thickened, ventrally-directed, trunks, 
the longest extending for the entire length of the 
anterior margin of the organ and bearing nu- 
merous posteriorly-directed filaments. Anal ar- 
mature with ventral arms longer than dorsal arms, 
the ventral arms embracing about 26 rows of 
hooks of the basal ring; median sclerite broad; 
upper arms heavily sclerotized. Basal ring with 
more than 100 rows of hooks, with about 18 
hooks per row. Anal gills simple. Ventral 
tubercles absent. 

Holotype, male with associated pupal skin and 
cocoon, Sweeney Creek adjacent to Skyline Drive 
10 miles north of Pinedale, Sublette County, 
Wyoming, elevation approximately 8,000 feet, 
June 26, 1957 (G. R. DeFoliart). 

Allotype, female with associated pupal skin and 
cocoon, same data as holotype, except 8.4 miles 
north of Pinedale. 

Paratypes, 19 reared males and 8 females with 
associated pupal skins and many larvae and 
pupae, same data as allotype; 9 reared males, 6 
females and many larvae and pupae, same data 
as holotype. Holotype, allotype, and paratypes 
in U.S. National Museum; paratypes in Canadian 
National Collection, University of Utah, Uni- 
versity of Wisconsin, and University of Wyoming. 

Material not included in the paratype series 
three pupae and one larva, Chalk Creek Canyon, 
Summit County, Utah, May 31, 1956 (B. V 
Peterson). 

The name villosa refers to the patch of hair on 
the mesopleural membrane. 

Sweeney Creek is a fairly open stream varying 
from a few feet to more than 10 feet wide. Lar- 
vae and pupae were abundant on submerged 
rocks and sticks, especially where the current was 
strong. 


Cnephia freytagi, new species 


FEMALE.—Agreeing with the female of C. villosa 
except as follows: Buccopharyngeal apparatus 
(fig. 14) with posterior margin less heavily 
sclerotized, not as deeply U-shaped, and the 
lateral margins not curved inward; broader and 
shallower even than in C. jeanae. Wing length 
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2.25 to 2.50 mm. (we have not seen villosa females 
with wings measuring less than 3.0mm.). Second 
hind tarsus averaging 2.5 times longer than 
greatest width, rather than 3 times as long as in 
villosa. Usually, only sternite VIII is sclerotized 
Genital rod shorter, much more strongly arched 
than in villosa, and the plates wider apart. 

Mate.—Differing from C. villosa as follows: 
Slightly darker. Thorax somewhat more strongly 
arched. Wing length only 2.0mm. Second hind 
tarsus only 2.5 times longer than broad, distinctly 
narrowed basally. Lateral hair of abdominal 
segments III and IV shorter and more sparse. 
Greatest width of basistyle only three-fourths its 
length. Lip of ventral plate thinner, less heavily 
sclerotized, apical hair shorter and less dense. 

Pupa.—Length 2.5 to 3.0 mm. _ Respiratory 
organ (fig. 13) white, branching similarly to that 
of C. villosa, but separable from it by the white 
color and the fact that the ventrolateral stem 
forks beyond the end of the adjacent dorsolateral 
stem, while the opposite is true in villosa; the dor- 
sal trunk is more strongly curved in freytagi, and 
the ventral trunks are relatively broad basally 
and tapered distally in freytagi. _Dorsum of head 
and thorax with rounded tubercles; with about 
eight dorsal or dorsolateral trichomes. 

Tergite I with a transverse row of eight small 
setae; II-IV each with 14 to 16 small hooklets, 2 
of which are in the pleural membrane on each side; 
the hooklets on II smaller than those of III and 
IV; V with a row of about eight fine setae along 
posterior margin; VI with a transverse row of 
about six fine setae, and VII and VIII with a few 
fine setae posteriorly; tergite VIII, usually VII, 
occasionally also VI with a row of stout posteriorly 
directed spines along anterior margin; IX with 
four strongly-curved hooklets laterally; terminal 
spines absent. Sternites III and IV each with 
two or three small hooklets on each side; V—-VII 
each with two hooks on each side, those on VI 
and VII more widely spaced; VIII with three or 
four hooks on each side, one of which is two- 
pronged, the others strongly curved. 

Cocoon very fragile, closely woven but very 
thin; boot-shaped, with an anteroventral collar 
when in whole condition, but the cocoon is so 
fragile that all of the specimens collected became 
torn during removal from the substrate. 

LARVA.—Agreeing with the larva of C. villosa, 
except as follows: _ slightly smaller, mature speci- 
mens measuring only 6.0 to 6.5 mm. One long 
and usually four or five epicranial setae on sub- 
mentum. On the mandible, there are about 11 
teeth of equal length in the row posterior to the 
subterminal teeth. All of these characteristics 
are somewhat variable, and there apparently is 
no reliable way to distinguish individual larvae of 


freytagi from villosa 


Holotype, male with associated pupal skin, 
small stream crossing Highway 89 in the Snake 
River Canyon about 10 miles east of Alpine, 
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Lincoln County, Wyoming, June 15, 1958 (G. R. 
DeFoliart). Allotype, female with associated 
pupal skin, same data as holotype. Paratypes, 
seven reared males and three females with 
associated pupal skins, many larvae and pupae, 
all with same data as holotype. Holotype, allo- 
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type and paratypes in U. S. National Museum; 
in Canadian National Collection, 
Wisconsin, and University of 


paratypes 
University of 
Wyoming. 
The species is dedicated to Mr. Paul H. Frey- 
tag, formerly a student at the University of 


23 


EXPLANATION OF PLATE 2 


FIGURES 15-25, Cnephia jeanae: 


positor; Fic. 18, male dististyle; Fic. 19, male ventral plate (ventral view); 


Fic. 15, female genital rod; Fic. 16, female anal lobe and cercus; F1G. 17, ovi- 


Fic. 20, male ventral plate (dorsal); 


Fic. 21, larval throat cleft; Fic. 22, larval submentum; Fic. 23, larval mandible; Fic. 24, pupal respiratory filaments; 


Fic. 25, pupal chaetotaxy 
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Wyoming, who frequently took time from his 
own studies of aquatic insects to collect black- 
flies for the senior author. 

The species appears in most of its morphological 
characteristics to be a smaller, more fragile 
facsimile of C. villosa, and is easily distinguished 
on the basis of size alone. 


Cnephia jeanae, new species 


FEMALE.—Agreeing with C. villosa except as 
follows: Maxilla with about 32 retrorse teeth. 
Median space of buccopharyngeal apparatus a 
broader, shallower U-shape than villosa. Wing 
length 3.5 to 4.0 mm. Cercus (fig. 16) subrec- 
tangular, not so rounded posteriorly. Arms of 
genital rod (fig. 15) expanded into rectangular 
plates as in villosa, but the plates more widely 
separated and the rod itself somewhat shorter 
than in villosa. 

MALE.—Agreeing with male of C. villosa except 
as follows: Hair of scutum generally more 
recumbent. Wing length 3.0-3.7 mm.; wing 
hairs including those at base of costa generally 
dark. Anterior median area of abdominal ter- 
gites lighter than lateral and posterior margins; 
tergal plates II-VI slightly reduced, those of III 
and IV reduced the most. Basistyle and disti- 
style (fig. 18) as in C. villosa, but slightly more 
robust. Lip of the ventral plate (figs. 19-20) 
longer, more rounded apically, broader basally 
(the lateral margins of the plate curve inward 


gradually nearly their entire length, while in 
villosa the lateral margins extend dorsally further 
before curving more abruptly into the base of 
the lip); ventral arms of the plate curving in- 
ward, then outward; lateral projections of the 
arms more prominent, being discernible from 
either an anterior or posterior view. 


Pupa (fig. 25).—Respiratory organ (fig. 24) 
white with about 50-75 filaments arising from 
four main stems that in turn arise from a short, 
rounded knob and are oriented as follows: along, 
gradually-tapering dorsal branch, a short dorso- 
lateral branch, a longer ventrolateral branch, and 
a short, broad ventral branch. Dorsum of head 
and thorax covered with minute, rounded tuber- 
cles that give a roughened appearance; with 
about eight long, simple trichomes, four of which 
are lateral. 

Tergite I with a median transverse row of eight 
fine setae and, laterally, a few even smaller setae, 
II-IV each with 16 hooklets near posterior margin, 
those on II smaller; V with three fine setae later- 
ally on each side; VI-VIII each with a continuous 
row of stout, posteriorly-directed spines along an- 
terior margin; IX with four strongly curved 
hooklets laterally on each side; terminal hooks 
short and posteriorly-directed. Sternites III-V 
each with three and sometimes four hooklets on 
each side; IV and usually V with two small 
spines anteriorly and closely spaced, one on 
either side of the midline; VI and VII each with 
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two large widely separated hooks on each side; 
VIII with four strongly curved, two-pronged 
hooks on each side; IX bare. 

Cocoon closely-woven but rougher than that 
of C. villosa and often covered with sand par- 
ticles; boot-shaped, with a broad antero-ventral 
collar that is usually turned upward and is 
occasionally nearly as long as the rest of the 
cocoon; collar region usually filled with particles 
of sand. Length 5.0 mm. In specimens from 
northwestern Wyoming, the collar of the cocoon 
is always narrower than in Utah or southwestern 
Wyoming specimens. In the former, the collar 
is no more than one-fourth to one-third the 
length of the rest of the cocoon. 

LaRvA.—Agreeing with description of C. villosa 
except as follows: slightly larger, mature larvae 
measuring up to 8.5 mm. Head spots of fronto- 
clypeal plate usually somewhat darker. On the 
mandible (fig. 23), only five or six long teeth and 
two shorter teeth in the row posterior to the 
subterminal group. Submentum (fig. 22) with 
the inner apical teeth larger and more distinctly 
“nippled.”” The throat cleft (fig. 21) somewhat 
wider throughout than in villosa. Pupal respira- 
tory histoblasts with four stems basally; without 
enlarged trunks as in C. villosa. 

Holotype, male with associated pupal skin, 
Chalk Creek Canyon, Summit County, Utah, 
June 15, 1958 (B. V. Peterson). Allotype, 
female with associated pupal skin, same data as 
holotype. Paratypes, seven males, two females, 
many larvae and pupae, July 2, 1957; one female, 
May 31, 1956; seven males, five females, many 
larvae and pupae, June 15, 1958, all from Chalk 
Creek Canyon, Summit County, Utah (B. V. 
Peterson); one male, one female with associated 
pupal skins, larvae and pupae, Chalk Creek 
Canyon, Uinta County, Wyoming, June 14, 1958 
(G. R. DeFoliart); five males, two females with 
associated pupal skins, larvae and pupae, Hoback 
River east of Bondurant, Sublette County, 
Wyoming, June 26, 1957 (G. R. DeFoliart); one 
male, one female with associated pupal skins, 
larvae and pupae, same data except June 16, 
1958. 

Holotype, allotype and paratypes in the 
United States National Museum; paratypes in 
the Canadian National Collection, University of 
Utah, University of Wisconsin and University of 
Wyoming. 

Cnephia jeanae is readily separable from C 
villosa in the adult stage by the shape of the ven- 
tral plate and the recumbent hairs of the scutum 
of the male, shape of the buccopharyngeal appara- 
tus of the female, the branching of the respiratory 
organ and presence of terminal hooks in the pupa, 
roughter texture of the cocoon, wider throat cleft 
and different branching of the respiratory histo- 
blasts in the larva. 

Minor differences were detected in the Chalk 
Creek and Hoback River populations. In the 
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Hoback River population, the hair of the male 
scutum is slightly less recumbent, and the ven- 
tral plate tends to be slightly more produced and 
down-curving. The lateral main stems of the 
respiratory organ tend to be slightly less in diam- 
eter, somewhat less whitish, and with minor 
variations in branching. The range of intra- 
population variation is such, however, that some 
specimens can not be differentiated. Differences 
in cocoon shape do appear to be constant. While 
Chalk Creek specimens usually have the antero- 
ventral collar at a distinct angle and greatly 
prolonged to a length from one-half to nearly 
equal to the base of the cocoon, Hoback River 
specimens never have the collar longer than about 
one-third the length of the base. The cocoons of 
the Hoback River specimens also have a rougher 
texture than is ordinary for Chalk Creek speci- 
mens. Study of the chromosomes might show 
that two species are concerned, but for the 
present we prefer to consider that there is one. 
All drawings of the species were made from Chalk 
Creek specimens. 

We take pleasure in naming this species after 
the wife of the junior author who accompanied 
him at the time this species was first collected. 

BioLocy.—The collection data for C. jeanae 
indicate that it normally inhabits larger streams 
and rivers. Peterson made the following observa- 
tions of the Chalk Creek Canyon population. 

The species has been collected from late April 
to mid-June. Larvae and pupae were most 
abundant in the main stream which was 25 feet 
or more in width, 2 to 36 inches in depth, and with 
considerable variation in rate of flow. The bot- 
tom was rocky and many of the rocks were 
covered by stringy, gelatinous algae. The water 
in April to mid-May carries large amounts of 
sediments and, consequently, the substratum at 
this time was covered by sediments. Larvae and 
the first pupae were in cracks and depressions of 
rocks, and sticks, probably to avoid sediments. 
The oldest pupae were usually covered by sedi- 
ments, only the collar of the cocoon being visible. 
By mid-June the water was relatively free of 
sediment and the larvae and pupae were then 
found on the upper surfaces of rocks and sticks. 
Occasionally, they were found on the algal- 
covered rocks but were much more numerous on 
the bare areas 
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There is one generation per year; collection data 
would indicate that the species overwinters in 
the egg stage. Very small first- or second-instar 
larvae were found in late April of 1958. A few 
mature larvae and the first pupae were found by 
the end of May. Many larvae and pupae were 
found in mid-June of the same year. However, 
the season was late in 1958 for the Chalk Creek 
Canyon area. As early as May 31, 1956, a 
gravid female was collected shortly after she had 
landed on a trailing grass blade to lay eggs. 

The eggs from one gravid female of C. jeanae 
were dissected from the ovaries and counted. 
The gravid abdomen of the female measured 2.5 
mm. in length, 1.5 mm. in width, and contained 
365 full-sized eggs. The eggs have the triangular 
shape with smoothly rounded contours character- 
istic of simuliid eggs. The eggs of C. jeanae are 
slightly shorter than those of C. eremites Shewell 
and C. mutata (Malloch) as reported by Davies 
and Peterson (1956) but are comparable to them 
in width and depth. They are shorter than the 
eggs of C. dacotensis (Dyar and Shannon) but are 
larger in the other two dimensions. Ten eggs of 
C. jeanae averaged 0.24 mm. in length, 0.17 mm. 
wide, and 0.16 mm. deep with ranges, respectively, 
of 0.23-0.27, 0.15-0.20, and 0.15-0.17 mm. This 
compares with the following egg sizes reported by 
Davies and Peterson: C. eremites, 0.27 mm. long, 
0.18 mm. wide, and 0.17 mm. deep; C. mutata, 
0.31 mm. long, 0.17 mm. wide, and 0.16 mm. 
deep; and C. dacotensis, 0.28 mm. long, 0.12 mm. 
wide, and 0.11 mm. deep. The 365 eggs found 
in the female of C. jeanae compare with an 
average of 176 for C. eremites, 192 for C. mutata, 
and 287 for C. dacotensis as reported by Davies 
and Peterson. 

REFERENCES CITED 

Davies, D. M., and B. V. Peterson. 1956. Observations 
on the mating, feeding, ovarian development, and 
oviposition of adult black flies (Simuliidae, Diptera). 
Canadian Jour. Zool. 34: 615-55. 

Rubtzov, I. A. 1956. Fauna USSR: Diptera 6, No. 6. 
Midges (fam. Simuliidae). [In Russian.] Zool. Inst. 
Akad. Nauk SSSR (n.s.) 64: 1-859. 

Shewell, G. W. 1958. Classification and distribution 
of arctic and subarctic Simuliidae. Proc. Tenth 
Internat]. Congr. Ent., Montreal 1956, 1: 635-43. 

Stone, A., and H. Jamnback. 1955. The black flies of 
New York State (Diptera: Simuliidae). New York 
State Mus. Bull. 349: 1-144. 


NEW ADDRESS 


Oi, February 1, 1960 the Entomological Society of America moved its headquarters to 


4603 Calvert Road 


College Park, Maryland 





A QUANTITATIVE AND QUALITATIVE STUDY OF SUGARS FOUND IN 
TOBACCO AS AFFECTED BY THE GREEN PEACH APHID, 
MYZUS PERSICAE, AND ITS HONEYDEW' 
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ABSTRACT 


Aphid infestation quantitatively reduced the sugar 
content of tobacco plants. Although the plants com- 
pensated somewhat for the loss due to aphid feeding, a 
decrease in sugar content became evident when aphid 
infestation was at a high level. Analysis of the honey- 
dew showed the presence of three, and possibly four, 
oligosaccharides which were tentatively identified as 
glucosucrose, maltosucrose, and maltotriosucrose. The 
fact that these sugars were not found in the plant extract 


The formation of honeydew by aphids appears 
to have been originally described in 1763 by 
Boissier de Sauvages (Morgenthaler, 1955). Since 
this early reference in the literature, insect 
morphologists and physiologists have been in- 
terested in the anatomical structures responsible 
for the formation of honeydew and the composi- 
tion of this material. 

Although severe infestations of aphids are 
known to affect the gross appearance and phys- 
iology of plants, little attention has been given 
to the quantitative effects of aphid infestations 
on hosts. 

The earliest analyses of honeydews were made 
by Berthelot (1861) and Boussingault (1872). 
Braun (1938) and Ermin (1950) gave a complete 
review of the early analyses and discussed the 
terminology of “honeydew” and “manna” as 
plant or animal products. With the advent of 
more refined techniques for identification, many 
substances have been isolated and identified from 
honeydew. Duspiva (1954) found the honeydew 
of the apple aphid, Aphis pomi DeG., to contain 
glucose, fructose, amino acids, inositol, sorbitol, 
traces of sucrose, and a trisaccharide. All the 
components were found in the plant sap with the 
exception of the trisaccharide. This sugar seemed 
to be similar to the trisaccharide a-D-maltosyl-8- 
D-fructosfuranoside which was described by 
White and Maher (1953) as a transition product 
of honey invertase on sucrose. Gray and 
Fraenkel (1953, 1954) reported the same trisac- 
charide from the honeydew of Aphis spiraecola 
(Patch), Pseudococcus citri (Risso), and Pulvinaria 
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indicated that they were metabolic products. Observa- 
tions on the relative amounts of the sugars present in 
honeydew and in the plant extract indicated that the 
aphids removed glucose from the plant sap and con- 
verted it to nonreducing oligosaccharides through some 
undetermined metabolism process. Amino acid analy- 
sis, though not complete, indicated the presence of two 
products in the honeydew which were not present in the 
plant extract. 


vitis (L.) grown on potato sprouts. Other com- 
pounds found in the honeydew were glucose, 
fructose, sucrose, and glucose-l-phosphate. These 
were all found in the plant sap. Wolf and Ewart 
(1955a) identified this same trisaccharide, fructo- 
maltose (glucosucrose), along with two new 
oligosaccharides from the honeydew of Coccus 
hesperidium L. Melezitose was found to be the 
principal trisaccharide in the honeydew of Jcerya 
purchasi Mask., while Coccus hesperidium L. had 
glucosucrose as its principal trisaccharide. In 
vitro studies with the enzymes from both species 
showed them to synthesize the principal trisac- 
charides of these insects from a sucrose substrate 
(Wolf and Ewart 1955b). Ewart and Metcalf 
(1956) showed the honeydew of Jcerya purchasi 
Mask. to contain melezitose, fructose, glucose, 
and sucrose. From the honeydews of Coccus 
hesperidium L. on grapefruit, and Planococcus 
citri (Risso), Coccus pseudomagnoliarum (Kuw.), 
and Saissetia oleae (Bern.) on orange trees, 
fructose, glucose, sucrose, glucosucrose, and two 
unidentified oligosaccharides were found. The 
larger sugar molecules were not found in the plant 
sap and appeared to be metabolic products of a 
homologous series. Sucrose was believed to be 
the parent compound of this series. 

acids have been isolated by several 
Gray (1952) isolated 19 amino acids 
from the honeydew of Pseudococcus brevipes 
(Ckll.) on pineapple. Several of the amino acids 
from the honeydew were not found in the plant 
sap, and he concluded that they were probably 
metabolic waste products. Maltais and Auclair 
(1952) reported 22 amino acids in the honeydew 


Amino 
workers. 


ae Cc 


of Myzus circumflexus (Buck.) on potato. Mittler 
(1953) identified 10 amino acids from the honey- 
dew of Tuberolachnus salignus (Gmel.) on willow. 
All the amino acids were found in the plant sap, 
and he concluded that they had probably come 
unchanged through the insect. Ewart and Met- 
calf (1956) identified 10 amino acids from the 
honeydews of Jcerya purchasi Mask., Coccus 
hesperidium L., Planococcus citri (Risso), Coccus 
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pseudomagnoliarum (Kuw.), and Saissetia oleae 
(Bern.) on citrus. No comparison was made in 
reference to products of metabolism as an analysis 
of the plant sap was not made. 

This review leads to the conclusion that al- 
though the honeydew products are similar in 
some respects, they differ in others. Zoebelein 
(1956) pointed out that the honeydew components 
vary distinctly with several factors: 

the insect producing the honeydew 
the time of day 


the host plant 
the climatic conditions 


He believed similarities in the honeydews result 
from the fact that the constitution and concentra- 
tion of the sugars in the phloem sap of different 
plants do not vary to a great extent. 

This paper reports a 3-year study of (1) the 
quantitative effects of the green peach aphid, 
Myzus persicae (Sulz.), on the sugar content of 
flue-cured tobacco and (2) a qualitative compari- 
son of the honeydew and the plant sugars. 


METHODS AND MATERIALS 


Quantitative Analysis.—Dixie Bright 101 to- 
bacco plants were grown, harvested, and flue- 
cured under recommended agronomic practices. 

1956 Field Study.—A comparison of the sugar 
content of 15 “aphid-infested” tobacco plants, 


chosen by the presence of heavy amounts of a 
sooty mold fungus (Family Peristoriaceae, As- 


comycetes) on the upper surface of leaves, and 
15 “clean” plants was made as an initial experi- 
ment. The infestation was believed to have been 
relatively severe, although no actual population 
count was made. One-leaf samples taken from 
the middle of each of the two series of plants were 
composited and the ‘‘aphid-infested”’ leaves were 
divided into two groups. One group was washed 
with water to remove the honeydew, fungus, and 
debris, while the other group of “‘aphid-infested”’ 
leaves and the ‘‘clean’”’ sample were not further 
treated. After flue-curing, duplicate samples of 
the leaves were analyzed for total and reducing 
sugars according to a modification of the methods 
of Hassid (1937) and A.O.A.C. (1945). 

1956 Greenhouse Study.—A study was con- 
ducted in the greenhouse to correlate the sugar 
content of infested and noninfested leaves. Ten 
plants were inoculated from a stock culture of 
aphids maintained to insure uniformity of species 
in this and all other experiments hereafter dis- 
cussed in this paper. Individual leaves on the 
plants were tagged according to the leaf position. 
An evaluation was made arbitrarily based on the 
maximum number of aphids present as follows: 
more than 900 aphids per plant 


400-900 aphids per plant 
0-400 aphids per plant 


heavy 
medium 
light 


The leaves from the 3 position on the stalk were 
washed in water. Those from the 4 and 6 posi- 
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tions on the stalk were washed in water and deter- 
gent, while those in the 2 and 5 positions were not 
washed. The leaves were dried at 160° F., to 
simulate partially flue-curing, and analyzed for 
total and reducing sugars. 


of the sugars 


Chromatographic separation 
feeding on 


1 
OuUuiZ. 


Fic. 1. 


present in honeydew of Mysus persicae 
green tobacco. 

Legend: 1—honeydew sugars 
2—glucose 
3—fructose 
4—mixture of glucose, fructose, and sucrose 

1957 Field Study.—In 1957 a test was designed 
to determine (1) the effect of a heavy population 
of aphids on the sugar content of a selected 
sample of leaves, and (2) the effect of washing 
honeydew from the leaves on the sugar content. 
Twelve pairs of plants within 5 feet of each other 
were selected after 4 weeks in the field. One 
plant of each pair was inoculated early in the 
season with approximately 100 aphids. The 
other plants (‘‘clean’’) were kept free of aphids 
A sample of four to six leaves was taken from 
each of the 24 test plants and divided into two 
groups. One group was washed with water to 
remove honeydew, and the other group was not 
washed. After curing, the four groups of leaves 
were analyzed for total and reducing sugars. 

1958 Field Studies —The 1958 field test 
designed to determine the effect of an infestation 
of aphids on the sugar content of the whole plant. 
An arbitrary classification with respect to popula- 
tion density was made to determine the aphid 
population level at which plants reflect the most 


was 
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Average percent reducing (R.S.) and total (T.S.) sugar content 


of 1956, 1957 and 1958 field tests. 


1956 


Aphid-infested 

Aphid-infested 
and washed 

Clean 

Clean and washed 
L.S.D: Ol 


damage. Each plant was categorized by the 
highest number of aphids found during the season 
as follows: 

over 2,000 aphids per plant 

1,000-2,000 aphids per plant 


less than 1,000 aphids per plant 
no aphids per plant 


heavy 
medium 
light 
clean 


The leaves were then analyzed for total and 
reducing sugars. 

An effort was made in the same field plot to 
determine whether excess honeydew was respon- 
sible for reduction of the carbohydrate content of 
a plant by blockage of stomates, thus reducing 
photosynthesis and transpiration. Three plants 
which had heavy infestations of aphids (mod- 
derately coated with honeydew) and three clean 
plants were chosen at random. A_ one-leaf 
sample from each plant was treated as follows: 


honeydew-coated leaves 

clean leaves 

clean leaves, thinly coated on upper surface with 
petroleum jelly 

clean leaves, covered on upper and lower surfaces 
with carbon paper 


The leaves in all the treatments were covered 
with black carbon paper at noon to inhibit 
photosynthesis and to permit all the stored carbo- 
hydrates to be utilized. The paper was re- 
moved from all the leaves except those of treat- 
ment 4 the following morning. At noon, a 3-inch 
square was cut from each leaf and immediately 
tested for the presence of starch with I,KI. 

Qualitative Analysis—Preparation of plant 
material for sugar analysis.—Ten grams of green 
tobacco was macerated in 80% ethyl alcohol. 
The alcohol was removed from the filtrate by 
evaporation. A saturated lead acetate solution 
was used to clarify the extract and the resulting 
precipitate removed by filtration. Plant extracts 
were also clarified according to a charcoal-Celite 
columnar method (Green and Seligman 1957). 
The protein- and pigment-free solution was con- 
centrated in vacuo to dryness, and 10 ml. of 
water-free pyridine was added. The pyridine 
solution was heated on a water bath for 10 
minutes, cooled, filtered, and concentrated in 


1957 


22.05 

26.14 

23.29 
n.S 


vacuo at 40° to dryness (Malpress and Morrison 
1949). The residue was dissolved in a minimum 
quantity of 50% isopropanol, and aliquots of this 
solution were used for qualitative determinations 

Preparation of Honeydew for Sugar Analysis. 
The honeydew was collected from aphid-infested 
tobacco plants by placing glass plates directly 
under the leaves for 3 days. The honeydew was 
dissolved in a minimum quantity of water, 
filtered, treated with a saturated lead acetate 
solution to remove the proteinaceous matter, 
and the resulting precipitate removed by filtra- 
tion. Salts were removed from solution by 
pyridine extraction, and the solution was stored 
under toluene in a refrigerator until used for 
analysis. 

Chromatographic Identification of Sugars.—The 
method of paper-partition chromatography 
(Whatman No. 1) reported by Consden et al. 
(1944) was used. A descending technique was 
used utilizing several solvent systems (Block et 
al., 1958). The solvent system found most useful 
for separating sugars in one-dimensional chromat- 
ograms was butanol, ethanol, water, and acetone 
(5:4:2:3 v/v) (Gray and Fraenkel 1954). In two- 
dimensional chromatograms, a second solvent 
system of benzyl alcohol, acetic acid, and water 
(5:2:1 v/v)* was used. This system did not give 
satisfactory separation of sugars with one-dimen- 
sional methods; however, it gave fast and gener- 
ally acceptable separation as a second solvent 
system in two-dimensional work. Other solvent 
systems using various combinations of butanol, 
ethanol, pyridine, and acetic acid were investi- 
gated, but the resolution of sugars with these 
systems was poor. A double-development tech- 
nique (Jeanes et al., 1951) was used to increase 
the resolution in the later tests. 

One-dimensional papers were spotted at 1-inch 
intervals 3 inches from the top with approximately 
40 micrograms of the known sugars and 25-50 
microliters of the honeydew and plant extract 
solutions. After equilibration for 12 hours with 
the developing solvent, chromatograms were 
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developed for 60 hours to insure complete separa- 
tion of all the sugars. 

Two-dimensional chromatograms were spotted, 
equilibrated, and developed with the first solvent 
system for 60 hours. They were removed, air- 
dried, rotated 90°, equilibrated, and developed 
for 20 hours with the second solvent system. 
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Fic. 2.—Reconstructed chromatogram of aphid 
honeydew components characterized by sprays identi- 
fying specific chemical groups. 


Reagents used to locate the sugar spots in- 
cluded solutions of: ammoniacal silver nitrate 
(Block et al., 1958); 2-4 dinitrophenylhydrazine 
(Reineke 1956); aniline hydrogen phthalate 
(Partridge 1949); and p-anisidine hydrochloride 
(Mukherjee and Srivastova 1952). The dried 
papers were sprayed with the reagent and heated 
at 100° for 5 minutes to develop the spots. 
Because the solvent front of the first solvent 
system moved off the paper, R¢ values could not 
be calculated; however, as fructose was always 
present, an Reructose Value was calculated. Ry, 
values for sugars with the second solvent system 
were calculated. 

The known sugars used in chromatographic 
comparisons were: 
maltose 
D-mannose 
melezitose 
melibiose 
raffinose 
L-rhamnose 


D-ribose 
sorbose 
sucrose 
trehalose 
D-turanose 
D-xylose 


D-arabinose 
cellibiose 
D-galactose 
p-glucose 
D-levulose 
lactose 

Chemical Identification of Sugars.—-The chemi- 
cal tests performed on the honeydew sugars 
separated by paper chromatography included 
treatment with Molish reagent, 2—4 dinitrophenyl- 
hydrazine, silver nitrate, Fehling’s and Benedict’s 
reagents. 

The inorganic phosphate present in the sugars 
of the honeydew was determined by a modifica- 
tion of the inethod reported by Truog (1930). 
The developed and dried chromatographic paper 
was sprayed with a solution of 2.5% ammonium 
molybdate in ION H2SO,. The paper was dried 


and oversprayed with a solution of 2.5% stannous 
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chloride in 10% HCl. Inorganic phosphate was 
located by the deep blue color reaction at room 
temperature. 

Enzymatic Identification of Sugars.—The en- 
zymes used in identification of sugar components 
were invertase, a-amylase, and B-amylase. After 
aliquots of 100 wl. of honeydew were incubated at 
room temperature (28° C.) with the enzyme 
preparations, a 50-ul. aliquot of each hydrolysate 
was spotted on chromatographic paper. Chro- 
matograms were developed with butanol, ethanol, 
acetone, and water and spraved with p-anisidine 
to locate the hydrolysate spots. In another 
method, the enzyme was superimposed on the 
honeydew spot directly on the chromatographic 
paper (Williams and Bevenue 1951). 

The individual unknown honeydew sugars, 
that could be completely separated by chro- 
matographic techniques, were eluted from the 
paper in warm water and treated individually 
with enzyme solutions. Aliquots of the enzyme 
preparations were added to the unknown sugars 
and the mixtures incubated for 3 hours. The hy- 
drolyzed sugars were then spotted, developed, and 
located with one-dimensional chromatography. 

In addition to enzymatic hydrolysis, both the 
chromatographically separated sugars and the 
complete honeydew were subjected to complete 
hydrolysis with 2N HCl, and the hydrolysate 
products were located chromatographically. 

Amino Acid Analysis—Amino acids from 
honeydew and the plant extract were separated 
by one- and two-dimensional descending chro- 
matography. The honeydew was collected, dis- 
solved in water, evaporated to 5 ml. in vacuo, 
and spotted directly on the paper. The plant 
extract was made by extracting and blending 10 
gm. of green tobacco with 100 ml. of 80% ethyl 
alcohol. After filtration, the solution was ex- 
tracted with chloroform (Awapara 1948), and the 
aqueous layer was removed and concentrated in 
vacuo to 5 ml. Fifty microliter aliquots were 
spotted directly on the paper with known amino 
acids as reference points. After equilibration for 
12 hours, the solvent was added. The solvent 
system found most useful for one-dimensional 
chromatography was isopropyl alcohol, pryidine, 
acetic acid, and water (8:8:1:4 v/v) (Gordon et 
al., 1956). In two-dimensional chromatography, 
the second solvent system was benzyl alcohol, 
acetic acid, and water. 

The developing reagent for amino acids was a 
0.25% ninhydrin solution in acetone (Toennies 
and Kolb 1951). The dried papers were dipped 
in this solution, allowed to dry, and heated at 
100° for 5 minutes to develop the spots. The Ry 
values of the amino acids found in the honeydew 
and those known amino acids approximating the 
honeydew spots were calculated 


RESULTS AND DISCUSSION 


Field and Greenhouse Studies.—The results of 
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Table 2. 


aphid infestation with respect to leaf washing treatment, 


Leaf position 
from bottom 
of plant 


Treatment 


Not washed 

Water washed 
Water and detergent 
Not washed 

Water and detergent 


the 1956 field study are shown in table 1. Al- 
though these preliminary data were not statistic- 
ally significant, both the total and reducing sugar 
values of the clean sample were higher than the 
aphid-infested samples. The washing of the 
honeydew and debris from the aphid-infested 
sample reduced the sugar values, but the reduc- 
tion was not great; possibly due to the fact that 
rain had already washed off considerable quanti- 
ties of honeydew. 

The results of the 1956 greenhouse study are 
shown in table 2. This test was originally 
designed to compare the sugar content of aphid- 
infested plants with clean plants. As the habit 
of aphids made this original idea impractical, the 
clean plants were designated “lightly infested’’ 
because the population never rose to economic 
proportions. The ‘‘medium”’ sample, a composite 
of two plants, had a higher number of aphids than 
the upper limit of the light category but was in a 
category definitely lower than ‘‘heavy.’’ The 
sugar values of the washed leaves from both 
the heavy and light infestation were not signif- 
icantly different. That the aphid removed 
copious quaniities of sugar from the plant can be 
seen in the sugar values of leaf positions 2 and 5 
Where the leaf was not washed clean of honeydew, 
the sugar values were greatly increased. These 
data, while not statistically significant, indicated 
that a heavy infestation of aphids removed a 
greater quantity of sap from the leaves than a 
light infestation, and the plant apparently com- 
pensated somewhat for the loss with an increase 
of sugar. 

The values for position 2 were somewhat lower 
than those of position 5 because of the upward 
migration of the aphids. When the population 
increased to the proportions where honeydew 
excretion was heaviest, the aphids were con- 
gregated high up on the plant, and the leaves 
above the 2 position protected the leaves in the 
2 position from the honeydew. A point that 
should be noted is that in the 5 position the sugar 
values are essentially those of the honeydew and 
not the plant sugar. The analysis of the sugar 
found in the leaves of the washed plants showed 
the total sugar content of the leaves to be about 


Light 


|Vol. 


Average percent reducing (R.S.) and total (T.S.) sugar content at indicated levels of 


1956-57 greenhouse test. 


Medium Heavy 


R.S. R.S. 


12.09 
4 89 3.20 
7.48 3.67 
18.94 10.01 
5.96 


N.S N.S 


1.5 times the reducing sugar content, while the 
total sugar content of the unwashed honeydew- 
coated leaves was 3 times as great as the reducing 
sugar content. The water used to rinse the 
honeydew from 6 honeydew-coated leaves and 6 
clean leaves was analyzed for total and reducing 
sugar content. The analysis of the honeydew 
rinse showed 7.4 mg. reduci ing sugar per six 
leaves and 423.20 mg. total sugar per six leaves; 
whereas, the analysis of the clean water showed 
22.80 mg. reducing sugar per six leaves and 28.00 
mg. total sugar per six leaves. These data sug- 
gest that the aphid was morphologically and/or 
physiologically selective in its utilization of the 
plant sugar 

The results of the 1957 field test are shown in 
table 1. The average reducing sugar values of 
aphid-infested plants were significantly lower than 
the average reducing sugar values of noninfested 
plants. Washing the leaves of field-produced 
tobacco had little effect on the sugar values as 
the honeydew had previously been washed off by 
rain. 

The results of the 1958 field test (table 1 
firmed the previous test as a heavy aphid infe sta- 
tion significantly reduced the total and reducing 
sugar content of the plant. Heavy rainfall during 
the growing season, which caused unfavorable 
ae and the removal of the aphids in mid- 

~ason, was probably the major factor in the 
fail ure to determine the population level at w hich 
the plant stopped compensating. 

These data suggest that the aphid is somewhat 
selective (morphologically and/or physiologically) 
in utilization of sugars. It selects and utilizes a 
reducing sugar and converts it to nonreducing 
forms. It is not known whether (A) the reducing 
sugar is selected from the sap as it passes through 
the aphid’s body, or whether (B) the reducing 
sugar is selected from the sap within the plant 
phloem. If hypothesis A is correct, the analysis 
of the plant must show a greater percent reduction 
of total sugar than percent reduction of reducing 
—— after aphid feeding. The fiel 1 data, (table 

) show that in 1956 the aphids removed 2.34% 
a the reducing sugar content and 4.80% of the 
total sugar content, and in 1957 the aphids re- 


con- 
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moved 3.26% of the reducing sugar content and 
4.53% of the total sugar content. 

If hypothesis B is correct, the percent reduction 
of the total sugar content must equal the percent 
reduction of the reducing sugar content after 
aphid feeding. The 1958 field data suggest that 
this hypothesis is possible as the aphid removed 
1.94% of the reducing sugar and the total sugar 
value was reduced by 1.67%. However, this 
hypothesis, which would suggest a morphological 
selection, appears unlikely. It is more reasonable 
to presume, as the 1956 and 1957 field tests indi- 
cate, that the aphid physiologically selects the 
reducing sugar as it passes through the body 
rather than selecting the reducing sugar before it 
enters the body. More work must be done to 
ascertain the site where the selection of the reducing 
material takes place. 

The 1958 photosynthesis test (table 3) was 
designed to determine whether honeydew secre- 
tions reduce the sugar content of the plant by 
inhibiting photosynthesis. Both the clean and 
the honeydew-coated leaves gave a positive test 
for starch, indicating that photosynthesis was 
not inhibited. The leaves covered with carbon 
paper and petroleum jelly gave a negative test 
for starch, indicating an inhibition in the photo- 
synthetic process. The carbon paper excluded 


the light, while the petroleum jelly blocked the 
stomates and prevented the natural exchange of 


gases. The presence of an excess of honeydew 
on the leaves could conceivably inhibit photo- 
synthesis by blocking the stomates and prevent- 
ing gas exchange or excluding light; however, it 
was observed that honeydew rarely remained on 
the leaves in excessive amounts because of rain 

Qualitative Analysis.—Analysis of plant.—Chro- 
matographic analysis revealed the presence of 
three sugars in the plant extract. The sugars 
were found in about equal proportions and were 
identified, by comparison with known sugars, as 
glucose, fructose, and sucrose. Chemical analyses 
with several selective reagents further charac- 
terized the sugars. The phosphate test gave no 
indication of phosphate in the sugar spots. 

Analysis of Honeydew.—The moisture content 
of honeydew was found to vary from 9.8% to 
13.8%, with an average of 12.1%, depending on 
environmental conditions in the greenhouse and 
the turgidity of the plants on which the aphids 
were feeding when the honeydew was collected. 

To eliminate the possibility of conversion of 
sugars on the collecting plates under greenhouse 
conditions, 5% solutions of glucose, fructose, and 
sucrose were allowed to remain exposed in the 
greenhouse for 96 hours. In no case was there 
any indication of conversion. 

The carbohydrate components in the honeydew 
were separated chromatographically, and the 
spots (as shown in figure 1) were located with the 
p-anisidine reagent. There were six distinct 
spots and a substance on the starting line that 
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did not move. The chromatographic values for 
these sugars are presented in table 4. The sugars 
were numbered from 1 to 6, starting with the 
fastest moving component. Sugars 1, 2, and 3 
corresponded to the values of fructose, glucose, 
and sucrose, respectively. The number 2 spot, 
identified as glucose, was absent from many 
chromatograms, and, when it was present the 
spot was very small, indicating a small quantity 
of glucose. Fructose and sucrose were present 
in honeydew in almost the same proportions as 
they were in the plant while glucose was present 
in relatively lower quantities in the honeydew. 


ACO HYDROLYSIS VERTASE WTOROLYSS 


NOW SUGARS ____ NOW Suse's 
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Fic. 3.—Reconstructed chromatogram of products of 
acid and enzymic hydrolysis of oligosaccharides from 
aphid honeydew 
maltotrio sucrose ? 
(malto sucrose) 
gluco sucrose) 
(sucrose) 


Legend: 1—honeydew sugar 6 


The chromatographic values ’ “ sugars 4, 5, and 
6 did not correspond to the values of any of the 
known sugars. The sugars were characterized 
with the same reagent sprays used for the plant 
extract, as reconstructed in figure 2. They did 
not react with hydrogen aniline phthalate; how- 
ever, they gave distinct spots with 2-4 dini- 
trophenylhydrazine, indicating keto-functioning 
sugars. None of the sugars reacted with the 
silver nitrate spray, indicating that they were 
nonreducing. There were no _ distinct spots 
formed with the phosphate reagent. 

In an attempt further to identify the sugars in 
the honeydew, acid and enzyme hydrolysis was 
used and the hydrolysates subsequently chromat- 
ographed. The results of these tests are recon- 
structed in figure 3. As sugar 6 did not move far 
enough from the starting line to separate it from 
material possibly left on the starting line, the 
results of the hydrolysis were not complete. As 
a result of the acid hydrolysis, all of the sugars 
broke down to glucose and fructose. Treatment 
with a- and B-amvlase did not give any reaction 
with the sugars. Invertase treatment removed 
a B-fructoside residue from the end of the mole- 
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cule of each of the unknown sugars, 4, 5, and 6. 
Sugar 4, after treatment with invertase, was 
hydrolyzed to fructose and a spot which corre- 
sponded to maltose. Sugar 5, after invertase 
hydrclysis, broke down to fructose and another 
sugar with a lower R value than maltose. Sugar 
6 was hydrolyzed to fructose and a sugar with an 
R value somewhat lower than the R value of the 
hydrolysis product of sugar 5. While it is sus- 
pected that fructose is the end residue of sugar 6, 
the analysis of the remainder of the molecule is 
not complete because of incomplete separation. 
Sugars 4 and 5 were found to be in higher con- 
centrations than 6, and their hydrolysis products 
were easily located. 


Table 3.—Effect of honeydew deposition on 
photosynthesis as determined by 
starch formation. 


Replications 


[reatment 2 3 


1—honeydew 
2—clean 
3—petroleum jelly 
4—carbon paper 


*trefers to a test for starch 


with I.KI. 
b—refers 


with I,KI 


positive 


to a negative test for starch 


The invertase treatment suggests that the 
sugars 4, 5, and 6 belong to a homologous series, 
with the difference in sugars reflected in the 
number of glucose residues present. Wolf and 
Ewart (1955a) presented evidence for a similar 
series of sugars from the honeydew of Coccus 
hesperidium L. They called the series gluco- 
sucrose, malto-sucrose, and maltotrio-sucrose. 
Sugar 4 (gluco-sucrose) appears to have the 
structure a-D glucopyranosyl-l,4 a-D glucopy- 
ranosyl-l,2 6-D fructofuranoside. Sugars 5 and 
6 appear to have this basic structure with the dif- 
ferences being the addition of glucose residues to 
the glucose end of the molecule. 

It is important to note that glucose is the main 
constituent of these sugars. This could explain 
the reason for the “selectivity” of the aphid in 
its utilization of sugars. The field tests suggested 
that the aphid removed a reducing sugar from 
the plant and converted it to a nonreducing form. 
In the qualitative work glucose was found in small 
quantities in the honeydew, while the three or 
four new nonreducing sugars appeared in some- 
what greater quantities. It is suggested that 
the aphid removes the reducing sugar, glucose, 
from the plant sap and after some metabolic 
change excretes the nonreducing series of sugars 
mentioned above 
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While the location of the site where the aphid 
removes the glucose from the plant sap is un- 
known, information on this subject might have 
some bearing on the theory of a “filtering action”’ 
in the midintestine of the aphid. According to 
Pesson (1951), most of the Aphidae have no 
“filter chamber.”’ The digestive tube includes a 
globular stomach, followed by a tubular intestine 
describing a short loop in the visceral cavity with- 
out any contact being established between the 
two extremities of the midgut. It is conceivable 
that either the short loop from the rear of the 
midintestine serves as a “‘filtering apparatus”’ 
or that excess aqueous materials enter the body 
cavity to by-pass the midintestine. More work 
must be done to ascertain the site of the selection 
and the function of the glucose within the aphid 
as well as a study of the phloem exudate. 

The analysis of amino acids present in the 
honeydew, as shown in table 4 and reconstructed 
in figure 2, was limited to chromatographic 
techniques. Eight substances were found to 
react with ninhydrin; however, positive identi- 
fication of the unknown honeydew components is 
incomplete. The analysis of the plant homog- 
enate for amino acids revealed the presence 
of numerous materials that reacted with ninhy- 
drin, but Rr values of the plant components 
were not calculated because the resolution of the 
material was very poor. Six of the components 
of the honeydew were also found in the plant 
extract, while the two fastest moving honeydew 
compounds did not correspond to any spots 
found in the plant extract. This suggests that 
two substances in the honeydew might be meta- 
bolic products. All the products located by 
chromatography are not necessarily amino acids, 
as it is known that several kinds of substances 
react with ninhydrin. More must be done on 
the isolation and identification of the compounds 
in the honeydew and the compounds in the plant 
extract to determine the metabolic relationship. 


CONCLUSIONS 

The effect of aphid infestations on tobacco 
appears to be threefold: (1) removal of the sap 
from the plant, (2) conversion of certain com- 
ponents, and (3) redeposition of the honeydew on 
the surface of leaves. The plant appeared to have 
compensated for the sugar loss due to aphid feed- 
ing; however, at a population level not yet deter- 
mined, the compensation was not sufficient, and 
a decrease in sugar content became evident. 
The aphid removed a reducing sugar from the 
plant and converted it to nonreducing forms while 
quantitatively lowering the sugar content of the 
plant. 

The fact that the aphid redeposits the plant 
sap as honeydew on the leaves has little impor- 
tance in field-grown tobacco. The effect of rain 
in washing honeydew from the leaves in field- 
grown plants was probably responsible for the 
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Table 4.—Comparison of chromatographic values of sugars and amino acids 


Butanol acetone 
Ethanol water* 


Sugars 


honeydew- a 
0.83 
59 
32 
13 
O08 
fructose 
glucose 82 
sucrose 60 
melezitose 39 
maltose 43 


Pyridine isopropanol 
Acetic acid water? 


Amino acids 


0.56 
AT 
39 
31 
27 
20 
14 
07 
aspartic acid 10 
lysine 12 
argenine 14 
glutamine 16 
glutamic acid 19 
alanine 29 
proline 32 
tyrosine 45 
valine 50 
methionine 50 
leucine 56 
iso-leucine 56 


honeydew— 


®R fructose Values (reference to fructose) 
>‘R» values (reference to solvent front) 


experimental results that honeydew secretions 
do not inhibit photosynthesis and thereby reduce 
the sugar content of the plant. The greenhouse 
study showed that with the absence of rain, the 
honeydew collected on the leaves and caused an 
increase in total sugar content. 

The paper chromatographic analysis of the 
carbohydrate content of the honeydew revealed 
the presence of six, and possibly seven, different 
sugars. The analysis of the soluble carbohy- 
drates in the plant showed only three sugars 
present. These sugars, glucose, fructose, and 
sucrose, were also present in the honeydew. 
The three unknown sugars in the honeydew 
were characterized as nonreducing, keto-function- 
ing oligosaccharides. With the aid of enzyme 
and acid hydrolys’s, they were tentatively iden- 
tified as a hon.ciogous series of sugars. The 
oligosaccharides were believed to be gluco- 
sucrose, malto-sucrose, and maltotrio-sucrose. 
A substance left on the starting line in the 
chromatographic technique indicated that there 
might be a seventh sugar present in the honeydew; 


Benzy1 alcohol 
Acetic acid water' 


0.25 
18 
13 
06 
03 
02 
26 
17 
13 
07 
09 
Benzy!1 alcohol 
Acetic acid water? 


0.51 
44 
36 
27 
.24 
17 
11 
06 


however, this has not been completely established. 

The fact that the oligosaccharides were not 
found in the plant extract suggests that these 
were metabolic waste products. The field tests 
pointed out that reducing sugar was removed 
from the plant and converted to a nonreducing 
form. From observations made on the amounts 
of the sugars in the honeydew and the plant 
extract, as determined by the relative intensities 
of the colored spots on the chromatograms, the 
concentration of glucose in the honeydew was 
found to be considerably lower than the concen- 
tration of glucose in the plant extract. It is 
believed that the aphid removed the reducing 
sugar, glucose, and converted it to the nonreduc- 
ing oligosaccharides through some undetermined 
metabolic process. 

The analysis of the plant extract and the 
honeydew showed a number of spots reacting 
with ninhydrin; however, two spots were found 
from the honeydew which did not correspond to 
those found in the plant extract. It is believed 
that the aphid utilized a plant product(s) and 
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excreted two ninhydrin-active substances as 
metabolic wastes. These substances might pos- 
siblv have been amino acids. 
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MASS-REARING THE CABBAGE LOOPER, TRICHOPLUSIA NI, WITH NOTES 
ON ITS BIOLOGY IN THE LABORATORY' 


F. L. 


McEWEN anp G. E. R. HERVEY? 


ABSTRACT 


Large numbers of the cabbage looper can be easily 
reared on broccoli foliage in the laboratory provided the 
temperature is maintained at 75°+2° F. and strict sani- 
tation s employed to prevent bacterial and viral infec- 
tion. Under these conditions the insects will pass 
through 13 generations each year. Larval weight 


Although laboratory rearing of insects has 
always been an integral part of economic ento- 
mology, this phase of study has assumed a new 
importance in view of the recent interest in the 
use of insect virus diseases for field control of 
certain lepidopterous and hymenopterous pests 
(Tanada 1959). To date, insect viruses have not 
been artificially cultured, and until such a tech- 
nique is developed any utilization of viruses for 
control purposes will involve production of the 
virus inoculum within the susceptible host. While 
it is true that a great quantity of virus inoculum 
can be obtained through the collection of diseased 
specimens in the field during a natural or induced 
disease epizootic, such a procedure is dependent 
upon so many natural phenomena that the con- 
stant availability of inoculum derived from such 
a source would be uncertain. Laboratory pro- 
duction of such inoculum should be relatively 
dependable provided the insect host can be 
reared in sufficient quantity to meet anticipated 
demand Since recent reports (Hall 1957, McEwen 
and Hervey 1958) indicate that the polyhedrosis 
virus of the cabbage looper may play a real part 
in control of this pest, a laboratory colony of this 
insect was established in 1956 and a satisfactory 
procedure for large scale rearing of this species 
has been developed. 

MATERIALS AND METHODS 

The present colony of cabbage loopers origi- 
nated from larvae collected in the field in Septem- 
ber 1956. These larvae were placed on potted 
broccoli plants growing in a greenhouse of 2000 
cu. ft. and maintained at a temperature of 75° 
80° F. Following pupation and emergence of 
adults, oviposition was heavy and a strong colony 
developed. This colony of larvae fed voraciously 
and it was soon necessary to replace the defoliated 
plants. When the larvae of the second generation 
of greenhouse-reared loopers were about half- 


1Journal paper No. 1170, New York State Agricultural 
Experiment Station, Geneva. Accepted for publication 
July 9, 1959. 

2The authors wish to acknowledge the assistance of 
Miss Gertrude Catlin in preparing the photographs for 
this publication. 


approximately doubles each day and each larva con- 
sumes about three times its weight in food daily. Head 
capsule width was determined on each larval instar and 
the reproductive capacity was studied on each of three 
moth colonies. 


grown, virus infection became evident. At this 
time a large number of the smaller larvae were 
placed singly in 20 x 90 mm. stoppered vials in 
an attempt to prevent total loss of the colony. 
The larvae thus isolated were fed broccoli foliage 
from plants growing in a separate greenhouse and 
although about 80 percent became infected with 
polyhedrosis virus, a sufficient number remained 
healthy to maintain the culture. Adults emerg- 
ing from pupae formed in these vials were intro- 
duced into a cage 30 x 40 x 24 inches, covered 
with 40-mesh saran cloth, and provided with a 
sugar solution for food and a small potted broccoli 
plant for oviposition. This procedure worked 
satisfactorily and the colony was maintained for a 
number of generations, utilizing this method of 
obtaining viable eggs. In each generation a 
rearing stock of virus-free larvae was maintained 
by rearing 200 larvae individually in vials. This 
method was time-consuming and required that 
vials be maintained at a rather constant tempera- 
ture to prevent moisture condensing in them and 
drowning the larvae. Repeated efforts to sterilize 
greenhouse compartments and rear large numbers 
of the larvae on potted plants in benches failed 
since each time virus contamination occurred to 
wipe out the colony. 

Since isolation in vials was not a satisfactory 
procedure for large scale rearing of the larvae, a 
number of types of containers were tested. Pre- 
liminary tests indicated that plastic boxes of 
about l-quart capacity worked quite well, pro- 
vided excess moisture was not permitted to form. 
At this time the rearing operation was moved to 
a small laboratory (8 x 12 feet) where better sani- 
tation could be practiced and a reasonable degree 
of temperature control maintained. The rearing 
operation has now become so satisfactory that 
large numbers of disease-free larvae can be pro- 
duced for experimental purposes at any time. 
The technique and rearing equipment used will 
be described. 

The rearing laboratory is maintained at a 
temperature of 75°+2° F. and lighted with day- 
light fluorescent tubes. Laboratory surfaces are 
of a nonporous nature so that they may be readily 
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Table 1 


Daily food consumption and weight of larvae of the caggage looper 


on successive days after hatching. 


Food consumption, mg. 


Age of 
larvae 
I Javs) 


Test 1* Test 2> 


Standard 
deviation 


Mean per 


Mean per 
larva 


larva 


13 
24 
56 
85 
205 
498 
$42 


25 
28 
so 
197 
185 
170 
1290 


Mean per larva 1545 216 


Standard 
deviation 


114 


184 


Insect weight, (mg. 


Test 2 


Test 1 


Standard 
deviation 


Mean per 
larva 


Standard 
deviation 


Mean per 
larva 


0.16 
0.56 
0.84 
3.2 
12 
29 
6S 
154 
270 
260 


0.14 
0.50 
0.92 
3.1 
11 
28 
56 
102 
166 
230 


is 
37 
89 
39 


Mean weight of pupae’ male 233+16 mg.; female 217 +16 mg. 


*Based on individual records on 13 larvae. 

>Based on individual records on 26 larvae. 

°Total food consumption in first 3 days. 

‘Based on individual records on 25 pupae of each sex 


cleaned with bactericidal solutions. No effort is 
made to maintain constant relative humidity, 
since this does not seem too important for the 
satisfactory culture of this insect species. 

Eggs are deposited on a young potted broccoli 
plant exposed in the egg-laying cage for 24 hours. 
The eggs thus deposited (fig. 1 A, B) hatch in 
about 3 days, and approximately 12 to 24 hours 
after the eggs hatch the larvae are gently removed 
to one of two types of larval rearing boxes. If 
the larvae are to be used as rearing stock they are 
placed on a fresh broccoli leaf in a small plastic 
container, 514 x 734 x 334 inches (C49, Tri-State 
Plastic Molding Co.), in which a paper towel has 
been placed to absorb excess moisture (fig. 2A). 
Ten to fifteen larvae are placed in each box of 
this type, and 10 such boxes are maintained for 
normal rearing practices. If the larvae are to 
be used for insecticide or other testing, they are 
placed on fresh broccoli leaves in a large plastic 
food crisper (No. 395F, Tri-State Plastic Mold- 
ing Co.). A 1l-inch hole covered with saran 
cloth in the lid of the crisper provides ventilation, 
and paper towels are added to absorb excess 
moisture (fig. 2A). Two hundred larvae can be 
reared in this type of container for 6 to 8 days. 
The young larvae do not consume a great quan- 
tity of food and in these containers three to five 
medium-sized (100-150 cm?) broccoli leaves will 
provide adequate food for 3 days. On the third 
day new foliage is added and with the increased 
size and food consumption rate of larvae it is 
necessary to add new foliage each day thereafter 

Under the laboratory temperature employed, 


1C) will mature in 9 to 11 days 
If maintained in the plastic container for this 
period of time, leaf molds and decay cause 
disagreeable odors and reduce the percentage of 
larvae which pupate successfully. To obviate 
this condition, the larvae intended for rearing 
stock are removed from the plastic boxes when S 
days old and are placed in the pupating cage 
(fig. 2B). This cage consists of a 10-inch pot 
saucer into which is placed a 10-inch cylindrical 
sleeve. This sleeve is approximately 6 inches 
high, composed of a stainless steel basal portion to 
which a cellulose nitrate upper portion has been 
cemented. Woven in the upper | inch of the 


the larvae (fig 


ot 
cellulose nitrate portion of the sleeve is a nicrome 
resistance wire attached electric source 
through a rheostat, to provide a hot-wire barrier 
to prevent the larvae from crawling out. The 
top of the pupation cage is open and the wire 
barrier need only be warm to the touch to deter 
the larvae and retain them within the cage. A 
pupation site is provided within the cage by fold- 
ing two paper towels in an inverted trough around 
the inner edge of the cage. Fresh broccoli leaves 
are provided daily as food for the larvae prior to 
pupation. 

When pupation is completed more than 90 
percent of the pupae will be found on the paper 
towels, the remainder pupating in the leaf debris 
About 2 days after all pupae have formed, the 
paper towels are removed, pulled apart (fig. 1D) 
and the pupae dislodged and placed on a clean 
paper towel in the bottom of the oviposition cage 
and sprinkled lightly with water. About 8 days 


to an 
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are required from pupation to emergence of the 
adults (fig. 1E, F) and each day during this 
period, the pupae should be lightly sprinkled 
with water to prevent disiccation and facilitate 
adult emergence. 

Adult emergence occurs over a period of 2 to 


Mass rearing the cabbage looper, life stages. 
A. Eggs of the cabbage looper deposited on 
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3 days, and when a small percentage of the adults 
appear in the cage, a preparation dish (Fisher 
No. 807 type) filled with absorbent cotton is 
introduced and 5 percent sugar solution added 
in such quantity that the cotton is completely 
moistened but that surface liquid is not availabel 


a broccoli leaf. Enlarged x5. 


B. Eggs of the cabbage looper as they appear on a broccoli leaf exposed in the oviposition cuge 


for 24 hours. 
C. New mature larva of the cabbage looper. 
D. Pupae of the cabbage looper as found on 
E. Adult of the cabbage looper. 
F 


Male (left) and female (right) adult cabb: 


the paper towelling used as a pupation site 


age loopers showing the characteristic brown tufts 


of hair on the abdomen which identifies the male. 
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Fic. 2. 
A. Larval rearing containers. 


large number of larvae (left) and small container suitable for 10 to 15 larvae 


Mass rearing the cabbage looper; laboratory rearing equipment. 
Food crisper with ventilation provided in the cover for rearing 


right). 


B. Pupation cage showing folded paper towel which serves as a pupation site and rheostat for 
adjusting the temperature of the nicrome resistance wire barrier 


in which the moths might become trapped and 
die. The adults feed readily on this sugar solu- 
tion. Water is added each day to keep the 
absorbent cotton moist. Since the relative 
humidity in the laboratory is variable and usually 
quite low (25-30 percent) it has been found that 
somewhat better oviposition is obtained when 
the bottom of the oviposition cage is sprinkled 
lightly with water each day. Some paper towels 
on the bottom of the cage are desirable for this 
purpose. 

The oviposition cage used in this work is similar 
to that described by Swingle et al. (1941, fig. 1). 
This cage is composed of two parts. The wood- 
framed upper portion is 15x 15x 15 inches, 
screened with 14-mesh wire screen and fitted 
with a hinged door 7 x 10 inches. This portion 
is fitted to a wood base 3 inches high, the latter 
having a galvanized sheet iron bottom. In this 
cage each group of adults will oviposit for 8 to 
12 days. A fresh potted broccoli plant 10 to 12 
inches high is placed in the cage each day and 
removed after 24 hours. By this method eggs 
deposited on a given plant will hatch over a 
relatively short period of time. Eggs deposited 
on these broccoli plants hatch in about 3 days 
when maintained in the laboratory at 73°-77° F. 

Under the rearing conditions described, the 
cabbage looper completes each generation in 25 
to 27 days. 

The feeding behavior, rate of larval growth, 
and rate of oviposition and percentage hatching 
of the eggs was studied on the cabbage loopers 
reared in the laboratory. In addition head 
capsule measurements were made on each larval 
instar. 

Daily Food Consumption and Growth of Larvae. 
The daily rate of food consumption and larval 


weight on successive days was determined in two 
experiments. The first test recorded these data 
individually on 15 larvae. In this test newly 
hatched larvae were placed singly in 20 x 90 mm 
vials, into each of which was placed a small, 
weighed (1-2 gm.) broccoli leaf. Each day 
thereafter (with the exception of the first 2 
days as later discussed) the leaf and the larva 
were removed from each vial and their weights 
were determined to the nearest milligram. The 
leaf was then discarded and the larva was put 
into a clean vial with a new weighed leaf added 
for food supply. Although the vials were tightly 
stoppered, some loss occurred in the weight of 
the leaf due to moisture evaporation. It was 
therefore necessary that check vials be set up, 
each day, in which only a weighed leaf was placed 
By this method a value was obtained for the loss 
in weight by evaporation per day, and this value 
was applied to the data obtained in the vials con- 
taining larvae so that actual food consumption 
could be determined. Two of the larvae in this 
test died from injuries in the early stages of the 
experiment. Values obtained for the surviving 
13 larvae are summarized in table 1. 

In the second test the daily rate of larval feed- 
ing and gain in weight was recorded for each of 
26 larvae. The technique employed was the same 
as that in the earlier test except that the larvae 
were maintained individually in 3-inch salve tins 
instead of the vials used in the earlier test 
Results summarized in table 1 are in good agree- 
ment with those obtained in the earlier test 
Although development was a little more rapid in 
the latter test (all pupated in 9 days in the second 
test, 10 days in the first), neither the total food 
consumption nor the maximum weight of the 
larvae differed appreciably. Since the daily food 
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Table 2. 


Test 1* 


Larval 
instar Standard 


deviation 


Mean width 
mm. 


0.012 
0. O17 
0.014 
0 O14 
0.035 


0.290 
0.468 
0.736 
1.154 
1.791 


‘Based on average daily measurement on 


Growth 
ratio 
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Mean greatest head-capsule width, standard deviation from this mean, and 
growth ratio for each instar of the cabbage looper. 


Test 2 


Growth 
ratio 


Standard 
deviation 


Mean width 
mm. 


0.010 
0.015 
0.023 
0.026 
0.031 


20 larvae. 


»Based on average daily measurement on 15 larvae. 


consumption of each larva on a given day varied 
considerably, the standard deviation from the 
mean is included in table 1 for each of the mean 
values determined in the latter parts of the 
experiments. 

The sensitivity of the weighing apparatus used 
in this test was 1 milligram. It was therefor 
necessary in determining the larval weights on 
the first 4 days after hatching to arrive at these 
values by weighing a group of these larvae. For 
this purpose 50 larvae emerging from the same 
day’s oviposition as the larvae used in the indi- 
vidual rearing tests were maintained in a plastic 
box and weighed as a group on each of the first 4 
days of the tests. The feeding was also difficult 
to determine during the early days of the tests, 
since the very young larvae feed sparingly. For 
this reason the first leaf on which the newly 
hatched larva was confined in the vial or salve tin 
used as a rearing container was not removed until 
the third day 

Food consumption was slight during the first 
half of the insect’s larval life but increased rapidly 
in the later stages. Inspection of the data in 
table 1 indicates that each larva consumes about 
three times its weight in food each day, and that 
during the same period its weight doubles at the 
temperatures and rearing conditions employed in 
this test. Mean pupal weights are also included 
in table 1, and these indicate that the males are 
slightly larger than the females. Although the 
variation in size among individuals of either sex 
is very great, the slightly larger size of the male 
can also be observed in the larvae and in the 
adults. 

Head Capsule Development.—Dyar (1890) first 
drew attention to the constancy in size of the 
head capsule in a given instar in any species of 
larva. He showed that the increase in size in a 
linear measurement of the head capsule from instar 
to instar was geometric, although the ratio varied 
considerably from species to species. This rule 
has been largely accepted, although it has been 
pointed out that the growth increase ratio de- 


creases slightly as the larvae reach later instars 
(Gaines and Campbell 1935). It was felt of 
value to determine these values for the cabbage 
looper since it is most difficult to determine any 
particular instar by direct observation. 

Two tests were conducted in this connection. 
In the first, 20 newly hatched larvae were studied 
and in the second test 15 larvae were involved. 
In each test the larvae were reared individually 
in 3-inch salve tins, with new food supplied as 
required. Each day the larvae were examined 
under a binocular microscope fitted with a 
micrometer eye piece and the greatest width of 
the head capsule determined for each insect. 
The rearing container was also inspected each 
day to determine whether or not the insect had 
completed a molt. This could be determined in 
some cases by the presence of a cast skin, but in 
most cases the larvae consumed all the exuviae 
except the head capsule. Close inspection was 
necessary to find the cast head capsule following 
molting in the early instars. 

In the first test the temperature was maintained 
at 70°-74° F. and 14 days were required for com- 
pletion of larval development whereas in the 
second test the rearing temperature was 75° 
S0° F. and larval development was completed in 
9 days. Each of the larvae involved in these 
tests completed five instars and each instar was 
of about equal duration. The mean head-capsule 
measurement, and the standard deviation of these 
means, for each larval instar in each test, are 
presented in table 2 together with the growth 
ratio as determined from these mean values. 
Although the difference in rearing temperatures 
between tests 1 and 2 was sufficient to increase 
the length of the larval period in test 1 by 50 
percent, the data in table 2 show that the mean 
head capsule widths did not differ significantly 
in any instar. This agreement is also evident 
in the growth ratio of approximately 1.6 in each 
test. 

Reproductive Capacity.—In rearing insects in 
the laboratory for testing or for virus production 
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Table 3. 


61 females 
: 35 males 
Days after 
commencement 


of oviposition % 


c 
hatch 


‘No record made. 


purposes it is desirable that production be pre- 
dictable with a reasonable degree of accuracy. 
Records were made on the number of eggs 
deposited daily by each of three different genera- 
tions of adult cabbage loopers reared according 
to the technique described. In each case the 
plants on which the eggs were deposited were 
maintained for a sufficient period of time to 
permit hatching of the eggs. The young larvae 
were then counted to determine the percentage 
of viable eggs. Data from these tests (table 3) 
show that the reproductive capacity of the cab- 
bage looper is high and that a moth colony con- 
taining 40 to 50 females will produce 1000 to 
2000 viable eggs per day for a period of several 
days. In one test a total of 10,119 larvae were 
produced in 12 days from a colony containing 26 
male and 38 female moths. Although the per- 
centage of viable eggs per female varied con- 
siderably, each female normally laid 275 to 350 
eggs. The reasons for variation in percentage 
viability could not be determined. Eggs which 
failed to hatch showed no evidence of embryonic 
development and collapsed 2-3 days after 
deposition 


DISCUSSION 

During the past 3 years the cabbage looper has 
been reared through 35 to 40 generations in the 
laboratory. In the course of this rearing various 
diseases have appeared. Although the polyhedro- 
sis virus has been the most difficult to control, 
Serratia marcescens, Bizio, and Micrococcus sp 
have also been a problem from time to time 


These observations are in agreement with those 


Number of eggs deposited and percentage hatching from each of three 
colonies of moths of the cabbage looper. 


38 females 
26 males 


34 females 
36 males 


No. % N % 
eggs hatch hatch 


1255 ( 31! 5l 
1686 758 

1532 1563 73 
1024 1778 

777 2: 2503 SO 

151 : 1942 78 

135 1525 82 

171 1020 75 

903 74 

440) 78 

374 75 


216 (4 


of Swingle et al. (1941), who pointed out that while 

the cabbage looper was quite prolific in the 

laboratory the larvae were difficult to rear be- 
cause of disease 

It has been found that rigid care must be exer- 
cised in sterilizing all rearing equipment in order 
to prevent contamination with pathogenic bac- 
teria and virus. This is accomplished either by 
heat (140° C. for 2 hrs.), or, in the case of plastic 
containers, immersion in a 5 percent solution of 
commercial chlorox for 15 minutes. Temperature 
control is also of great importance in successful 
rearing. If any stage of the cabbage looper is 
maintained for an extended period at a tempera- 
ture much below the 73°-77° F. range emploved 
in the present study, the resulting adults lay few 
fertile eggs. With due care in sanitation and 
temperature control the cabbage looper can easil\ 
be reared in enormous numbers 
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ABSTRACT 


The biology and systematics of Omalus are briefly 
summarized. Several previously unused taxonomic fea- 
tures are discussed, and these are incorporated into a key 
to the 17 Nearctic species treated here. New species 
described are: Omalus downeyi, O. granti, O. trilobatus. 
and O. butleri, from western North America; O. telfordi, 
ranging from Texas to California; O. krombeini, from 
California and Arizona; and O. macswaini, Nearctic in its 
distribution. The other 10 species are briefly diagnosed, 


The genus Omalus has received very little 
special attention since it was first defined in 1801. 
It was brought up-to-date from a world standpoint 
by Mocsary (1889), and among contributions to 
the European fauna made since that time are 
general works by du Buysson (1891), Schmiede- 
knecht (1907), Bischoff (1913), Hedicke (1930), 
Berland and Bernard (1938), and Balthasar (1951, 
1954). In this country principal studies were 
made by Norton (1879) and Aaron (1885). No 
species have been added to the Nearctic fauna 
since Aaron’s revision, and the only systematic 
work of note has been the synonymic list of 
Bodenstein (1951). 

Through cooperation of various institutions 
listed below we have been able to study about 
2,400 specimens of Omalus. As a result we are 
synonymizing five names, two of them under 
European species, one species is being elevated 
from synonymy, five species are moved into 
Omalus from other genera, and seven species are 
being described as new. Type deposition is indi- 
cated under the species. 

We would like to acknowledge the following 
individuals and associated institutions for the 
loan of material: W. F. Barr, University of 
Idaho; G. E. Bohart, U.S.D.A., Logan, Utah; 
G. W. Byers, University of Kansas; M. A. Cazier, 
American Museum of Natural History; H. 
Dietrich, Cornell University; R. R. Dreisbach, 
Dreisbach Collection; G. H. Ferguson, Ferguson 
Collection; Max Fischer, Vienna Museum; H. J. 
Grant, Jr., Academy of Natural Sciences, Phila- 
delphia (ANSP); P. D. Hurd, Jr., California In- 
sect Survey, University of California, Berkeley; 
kK. V. Krombein, U. S. National Museum 
(USNM); H. B. Leech, California Academy of 
Sciences (CAS); H. R. Mason, Canadian National 
Museum; A. T. McClay, University of California, 
Davis; H. A. Scullen, Oregon State College; 
A. D. Telford, University of California, Albany; 
P. H. Timberlake, University of California, 


‘Accepted for publication July 13, 1959 


their distributions summarized, and their relationships 
discussed. Five of these are transferred into Omalus 
from other genera; one species, O. janus (Hald.) (= Elam- 
pus coruscans Norton, =E. purpuratus Prov., =Omalus 
semicircularis Aaron) is elevated from synonymy; and 
two European species are newly recorded from North 
Ameiica, with resulting new synonymy, viz. O. aeneus 
(F.) (=O. laeviventris Cress., =O. diversus Aaron) and O. 
auraius (L.) (= Hedychrum sinuosum Say). 


Riverside; H. V. Weems, Jr., Florida State Plant 
Board; F. G. Werner, University of Arizona. 

Special thanks for advice and comparison of 
types goes to H. J. Grant, Jr., G. E. Bohart, and 
kK. V. Krombein. In addition the last-named has 
kindly reviewed the manuscript and has made a 
number of suggestions which have been 
incorporated. 


HOST RELATIONSHIPS 


The Elampinae includes members reported as 
parasites of sphecids and bees. Omalus stands 
alone in the subfamily as a consistent parasite of 
wood-inhabiting forms, particularly twig-nesting 
types. A doubtful exception to this rule is the 
host genus Xylocelia which nests in the ground as 
well as in wood. Of the 17 North American 
species of Omalus, 8 give at least some indication 
that twig-nesting pemphredonids are attacked. 
Host genera are Diodontus, Passaloecus, Stigmus, 
Xylocelia, and Pemphredon (including the sub- 
genus Cemonus). Insofar as is known, all of 
these provision their nests with aphids. This 
association is probably significant since no Omalus 
have been reported from related genera which pro- 
vision with cercopids, membracids, or cicadellids. 
The reports by European authors of Trypoxylon, 
Ceratina, and Hylaeus as additional hosts for 
Omalus need verification. Some or all of these 
records may have been based on mixed nests 
where there was supersedure by or of a pemphre- 
donid wasp with all the cells of the pemphredonine 
destroyed by the chrysidid. 


SYSTEMATICS 


In North America the subfamily Elampinae 
contains the well known genera, Elampus Spinola, 
Omalus Panzer, Holopyga Dahlbom, Hedychridium 
Abeille, and Hedychrum Latreille. These are 
separated by type of tarsal claw, wing venation, 
shape of tergite III and structure of the post- 
scutellum. Omalus is distinguished by the fol- 
lowing combination of characters: tarsal claw 
with two or more subteeth; tergite III almost 
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invariably with a distal notch or at least an indi- 
cation of one; forewing with stigma short and 
broad, basal vein strongly curved, and median 
cell practically asetose; genal fringe of female not 
setiform (contrary to Elampus) and similar to 
that of male; sexes difficult to identify externally, 
but female genal area usually broader and 
sternite III with a more broadly excavated pos- 
terior margin. 

Omalus is obviously related to Elampus on 
the basis of the multiple and stout teeth of the 
tarsal claw, the apical incision of tergite III which 
may be partially filled with membrane, and the 
incomplete discoidal cell. Additional characters 
in common which we have observed in our 
material are the blunt rather than acutely pro- 
longed stigma, and the asetose median cell of the 
fore wing. These two genera have been placed 
by some authors in the tribe Elampini (Omalini 
of Balthasar 1951) as opposed to the Hedychrini. 

In addition to the synonymy given by Boden- 
stein (1951), it appears likely that Philoctetes 
Abeille and Dictenulus Semenov should be placed 
under Omalus, also. Their relationships are in- 
dicated under the subgenera. As now consti- 
tuted, the American forms of Omalus belong in 
three subgenera based primarily on the pattern 
of scutal punctation: Omalus, s.s., Pseudomalus 
Ashmead, and Diplorrhos Aaron. Further syn- 
onymy is considered under these categories. 

We are treating 17 species as Nearctic. There 
are no up-to-date figures on the size of the genus 
from a world standpoint, but Bischoff (1913) in- 
cluded a total of 72 species referable to Omalus 
from every continent except Australia, and 
Semenov (1932) indicated a total of over 100 
species. 

Species characters are relatively few and often 
disappointingly plastic. We have searched in 
vain for suitable distinctions in mouthparts, 
antennae, legs and sternites. Male genitalia are 
mostly quite similar with a few exceptions in the 
subgenus Pseudomalus. Most useful characters 
we have found are (1) the nature of scutal and 
scutellar punctation, (2) convexity of the scutum, 
(3) shape of the postscutellum, (4) outline of ter- 
gite III, (5) dentition of tarsal claws, (6) develop- 
ment of the notaulices (inner pair of scutal 
sutures), and (7) color pattern. All of these are 
somewhat variable, especially the last-named, 
but taken together they will ordinarily distinguish 
the species. 


KEY TO THE SPECIES OF OMALUS IN 
AMERICA NORTH OF MEXICO 


Punctures of scutum clumped along notaulices, 
leaving smooth areas medially and sublaterally 
(figs. 1, 3, 5); postscutellum usually angled in 
profile (figs. 8-13) (subgenus Diplorrhos Aaron) 

Punctures of scutum not especially associated with 
notaulices, either scattered rather evenly or 
clumped posteromedially, sometimes nearly ab- 
sent except adjacent to tegulae (figs. 2, 4, 6) 11 
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Tergite III truncate and notched posteriorly, the 
notch partly filled with membrane (figs. 11, 12).. 3 

Tergite III without a membrane-filled posterior , 
notch i 4 

Tergite I with a single or partially double row of 
medium to large, well-separated punctures along 
posterior margin; postscutellum obtusely angled 
in profile (fig. 11)... .intermedius (Aaron) (p. 247) 

Tergite I with a scattering of small punctures along 
posterior margin similar in size to those on IT; 
postscutellum pointed or shelf-like, projecting 
acutely in profile (fig. 12) 

seminudus (Aaron) (p. 248) 

Tergite III with a definite projection overhanging 
apical truncation in profile, scutum often humped 
posteriorly in profile (figs. 8, 10) 

Tergite III flat or truncate in profile but without 
a subapical projection (figs. 7, 9, 14) 6 

Tergite III with a sharp subapical projection above 
an acute notch in profile (fig. 10) 

plicatus (Aaron) (p. 000) 

Tergite III with a blunt projection above a shallow 

con avity in pre file (fig. 8). 
downeyi Bohart and Campos (p. 246) 

Wing membrane clear, especially beyond venation; 
tergite I with a smooth central spot restricting 
posteromedian punctate area to about two 
punctures in length; tergites usually coppery to 
bright reddish coppery, sometimes bronzy green; 
postscutellum not pointed in profile (fig. 14) 

telfordi Bohart and Campos (p. 249) 

Wing membrane somewhat stained, especially 
beyond venation or tergite I more densely 
punctate 

Postscutellum broadly rounded, obtuse in profile 
(fig. 7); apex of tergite III not much produced in 
profile, lateral edges of III with distal sinus weak, 
more basal one usually strong and often angular, 
lateral edge sometimes hardly sinuate 

Postscutellum somewhat conical, sharply rounded 
or angled in profile (figs. 9, 13) 

Scutal punctures along notaulices few (six to eight 
along posterior one-half of notaulix), moderately 
large, close to suture (about as in fig. 1); tarsal 
claw stout and usually with three large subteeth; 
tergite III not at all produced nor truncate in 
profile, notch large (fig. 19) 

granti Bohart and Campos (p. 247) 

Scutal punctures along notaulices usually numer- 
ous, small and with many setigerous, rather 
scattered around notaulix; tarsal claw rather 
slender and usually with two subteeth; tergite 
III usually a little produced and subtruncate in 
profile (fig. 7) cressoni (Aaron) (p. 246) 

Scutum nearly always humped posteriorly in pro- 
file; scutum, scutellum and postscutellum with 
a few very large pits (as in fig. 5); tergite III 
with distal sinus of lateral edge not developed 
more than basal sinus, apical notch acute and 
often nearly parallel-sided (fig. 20) 

speculum (Say) (p. 248) 

Scutum not humped in profile; dorsum of thorax 
without very large pits, or if so, then distal sinus 
of lateral edge of tergite III very well de- 
veloped (fig. 9) 10 

Scutal punctures closely associated with notaulices 
(fig. 1); tergal coloration usually blue to dark 
blue-green, sometimes purplish-coppery; notch 
of tergite III usually a right angle or less (fig. 9c) 

variatus (Aaron) (p. 249) 

Scutal punctures somewhat scattered about 
notaulices (fig. 3); tergal coloration light green 
to bronzy or reddish gold; notch of tergite III 
usually somewhat obtuse (fig. 13c) 

krombeini Bohart and Campos (p. 247) 
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EXPLANATION OF FIGURES 


1-6, scutum and scutellum of Omalus. 2 and 6, holotypes. 3, 4, and 5, paratopotypes 
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Scutum with a clump of large, shallow punctures 
toward posterior middle (as in fig. 4); claws with 
three to six subteeth (fig. 25); outstanding hair 
of vertex and tergite III usually longer than 
flagellar segment II (subgenus Pseudomalus 
Ashmead) 12 

Scutum nearly impunctate or with rather evenly 
scattered punctures of small or medium size 
(figs. 2, 6); claws usually with two subteeth 
(fig. 23); outstanding hair of vertex and tergite 
III usually not longer than flagellar segment II 
(subgenus Omalus s.s.) 15 

Tergites with a definite coppery or golden tint 

auratus (Linnaeus) (p. 241) 

green or purple 13 

Mesopleuron predominantly green; scutum not at 
all lobular, mostly without ‘‘cross-scratching”’ 
apical notch of tergite III usually obtuse and 
somewhat rounded janus (Haldeman) (p. 242) 

Mesopleuron predominantly purple; scutum at 
least slightly lobular anteriorly; notch of tergite 
III usually acute and rather angular 14 

Scutum with well developed anterolateral lobes 
(fig. 4), little if any ‘‘cross-scratching"’; notch of 
tergite III deep, sharp, narrowly filled with 
membrane anteriorly (fig. 15c) 

trilobatus Bohart and Campos (p. 245) 
scutum with only slightly developed lobes, often 
heavily ‘‘cross-scratched”’; notch of tergite III 
often small, usually narrowly rounded anteriorly 
(fig. 22)... macswaini Bohart and Campos (p. 244) 
scutellum broadly smooth medially for its entire 
length (fig. 6); notaulices distinct throughout; 
distal margin of tergite III somewhat drawn out 
medially and distinctly V-notched (fig. 17c); 
wing membrane lightly stained at most 
butleri Bohart and Campos (p. 240) 
utellum coarsely punctate toward midline, leav 
ing at most an anterior smooth spot which is 
greatly narrowed posteriorly (fig. 2) 16 

Notaulices becoming obsolescent anteriorly, ending 
posteriorly in very short pits (fig. 2): edge of 
tergite III not conspicuously membranous, notch 
veakly indicated at most 

glomeratus (du Buysson) (p. 240) 

Notaulices distinct throughout but often becoming 
fine anteriorly, posterior notaulix pits more 
elongate; edge of tergite III either conspicuously 
maialeinoes or notched 17 

Distal margin of tergite III conspicuously drawn 
out into a _ yellowish-transparent membrane, 
notch broadly obtuse or scarcely indicated 
(fig. 18); scutellum usually with complete 
smooth strip along midline 

iridescens (Norton) (p. 241) 
margin of tergite III not conspicuously 
sometimes light brownish, notch 

developed and acute (fig. 16c); 
without a complete smooth 

aeneus (Fabricius) (p. 238) 


Tergites blue, 


Distal 
membranous, 
ordinarily well 
scutellum usually 
strip along mid-line 


Subgenus Omalus Panzer 


Omalus Panzer 1801. Faunae oe 
13. Type: Chrysis aenea Fabricius, 

Homalus Saunders 1873. Trans. Ent. Soc 
Emendation. 

Ellampus of authors, not Spinola. 

Dictenulus Semenov 1932. Horae Soc. Ent. Rossicae 
42:6. Type: Ellampus specularis Semenov, original 


designation 


Germaniae H. 85 no 


monobasi 


London p. 411 


Scutal punctation diffuse, scanty 

‘ dense (figs. 2, 6); pubescence moderate; 
III with distal notch usually small, often 
idicated, profile of III acute; tarsal claws 
with two subteeth but sometimes with 


DIAGNOSIS 
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three or four; postscutellum rather broadly 
rounded. 

SYSTEMATICS.—This subgenus is related to 
Holophris Mocsaéry, based on the Philippine 
species, marginellus Mocséry. Through the kind- 
ness of Dr. K. V. ee we have been able to 
study material of marginellus. The longitudin- 
ally striate sc adiein and practical absence of 
notaulices are odd features of possibly subgeneric 
value. It is conceivable that this represents an 
extreme species of Omalus s.s. since glomeratus 
with its reduced notaulices is somewhat inter- 
mediate. Another Philippine peg bakeri 
(Mocsary) is an Omalus s.s. close to » North 
American iridescens. In Central al South 
America there are several species similar to butleri 
and iridescens. This group, with its generally 
membranous and hardly notched third tergite 
was named Dictenulus by Semenov (1932) 


Omalus (Omalus) aeneus (Fabricius) 
Figs. 16, 29) 

Chrysis aeneus Fabricius 1787. Mantissa Insectorum | 

284 (for European synonymy see du Buysson, 1891 
Omalus laeviventris Cresson 1865. Proc. Ent. Sor 

Philadelphia 4: 303, ‘‘Colorado Terr.’’ (9? type, 

ANSP). New Synonymy. 
Elampus cyanescens Provancher 

12: 215, Canada (? 2? type, 
Omalus diversus Aaron 1885. Trans. 

12: 213, California (9 type, ANSP). NEw SYNonyMy 

DIAGNOosIs.—Forewing length 3.8 mm. (+0.6 
mm.); color generally blue varying toward green 
or purple, males usually tending toward black; 
wings brownish, especially beyond venation; 
punctures of vertex, scutum within parapsides 
(outer pair of scutal sutures), and tergite III 
toward middle rather fine and evenly distributed; 
scutellum mostly covered with nearly contiguous 
large punctures; notaulices cr mplete, ending in a 
lengthened pit posteriorly; distal edge of tergite 
III often onal but not membranous, notch 
usually well developed, acute, narrowly rounded 
anteriorly (fig. 16c), claws with two or three 
subteeth; male genitalia with sheath-like a 
extending about three-fourths of genitalia lengtl 
and surpassing the relatively slender digitus 
(fig. 29 

SYSTEMATICS. We 
tinguish between the 


1881. Nat. Canadier 
Quebec Museum 
Amer. Ent. Soc 


have not been able to dis- 
common European aeneus 
and Jlaeviventris, the commonest species of the 
genus in North America. The important charac- 
teristics of the scutal punctation and the notch of 
tergite III are subject to considerable variation 
Material from Idaho, the Pacific Coast States, and 
Arizona often have the scutal punctures rather 
and coarse, particularly in males. On the 
other hand, specimens from various localities may 
have very fine and sparse scutal punctation 
This condition is often associated with a reduced 
third tergal notch as in the uppermost outline of 
figure 16c. Both K. V. Krombein and G. E 
3ohart have indicated to us the synonymy of 
diversus after an examination of types 


dense 
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downeyi # 9. variatus # 


intermedius ¢# 


_ krombeini 7 14. telfordi 7 . trilobatus 


I-XPLANATION OF FIGURES 


7-15, Omalus spp., profile of notum (a), profile of tergite III apex (b), and outline of notch of 
tergite III (« 8, 13, 14, 15, holotypes, except 15« 
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Brotocy.—This species has been reared from 
nests of Passaloecus at Strawberry, Tulolumne 
Co., California by J. W. MacSwain. According 
to Invrea (1941), European host genera are 
Stigmus, Passaloecus and Cemonus. 

DIsSTRIBUTION.—We have studied 101 males 
and 335 females of this species from many areas 
in North America as far south as Arizona, New 
Mexico, and Georgia, north to Nova Scotia and 
Alaska (Matanuska, Anchorage). Most collec- 
tion records are from the Canadian and Transition 
life zones. A few captures have been made in 
the Upper Austral Zone. According to Balthasar 
(1954), this species ranges over most of Europe, 
Turkestan and the Caucausus. 


Omalus (Omalus) butleri Bohart and Campos, 
new species 
Figs. 6, 17) 

HOLOTYPE FEMALE.—Length 4.0 mm., breadth 
of head 1.4 mm., length of forewing 3.2. mm. 
Body black with gold-tinted green on face, head 
and thorax laterally, postscutellum entirely and 
venter mostly; tergites green to bluish green 
basally; tarsi brown, tegula greenish black, wings 
very lightly and rather evenly stained. Intero- 
cellar area forming part of highly polished vertex; 
pronotum and scutum polished except for ob- 
scure micropunctures and lateral punctation, 
scutellum with a large nedian polished spot (fig 
6), tegula smooth; abdomen largely polished, fine 


punctures most abundant at sides, third tergite 
with fine punctures scattered over polished sur- 
Pubescence sparse and silvery, hardly more 
First flagellar 
segment about 1.5 times as long as broad, median 
ocellus about twice its diameter from smooth edge 
of scapal basin; scutum evenly convex, notaulices 


face. 
than an ocellus diameter in length. 


distinct, throughout, postscutellum  obtusely 
rounded in profile, tarsal claws as in fig. 20; 
second tergite about 1.3 times as broad as long, 
third tergite weakly bisinuate laterally, some- 
what projecting at apex in dorsal view, with a 
rectangular notch which is rounded basally 
(fig. 17c). 

MaALe.—About as in female but blackish areas 
more extensive, greenish coloration more bronzy, 
postscutellum black; tergites greenish black; geni- 
talia about as in fig. 26. 

HOLOTYPE FEMALE (CAS), Graham Mountains, 
Arizona, 9,000 feet elevation, August 9, 1955 (G 
D. Butler). Paratypes, 3 males, 15 females, 
April to August, from ARIzONA: St. David (P 
P. Cook), Chiricahua Mts. (R. H. Beamer, J. A 
Kusche), Graham Mts. (G. D. Butler), Catalina 
Mts. (G. D. Butler, F. G. Werner, C. W. O’Brien), 
San Francisco Mts. (J. G. Rozen), Santa Rita 
Mts. (R. H. Beamer), Tucson (R. A. Flock); 4 
females, July to August, from NEW MEeExIco: 
Las Cruces, on Solidago (T. D. A. Cockerell), 
Magdalena Mts. (E. L. Kessel), Mescalero (M 
B. Jackson ), and Tajique (D. E. Hardy). Meta- 
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types are + females from UTAH: Provo Canyon 
(R. H. Beamer); CoLoRADo: (C. F. Baker); and 
OREGON: Lick Creek Ranger Station, Wallowa 
National Forest. Apparently this species is a 
female from NEw York: Green Co., 2500 ft 
(L. O. Howard, USNM): and a male from 
BRITISH CoLUMBIA: Kaslo (R. P. Currie, 
USNM). 

SYSTEMATICS.—O. butleri is related to a number 
of Neotropical forms all of which are characterized 
by an extensive smooth median area on the scutel- 
lum. Judging by their descriptions the following 
are in this group: andinus (Cameron) from 
Ecuador, huberi (Ducke) from Brazil, albolimbatus 
(Ducke) from Brazil, and punctatifrons (Bischoff) 
from Colombia. All of these have prominent 
purplish or reddish markings whereas butleri is 
generally green, the tergites somewhat bluish, the 
smooth areas of the vertex, pronotum and scutum 
blackish. The nearly clear wings, produced and 
incised third tergite as well as the clear-cut 
notaulices are further distinctive characters. We 
have seen two female specimens of still another 
species of this group, one from Ithaca, New York, 
July 23, 1897 (Cornell), the other from Washing- 
ton, D. C., August 30 (T. Pergande Collection, 
USNM). These specimens have clear wings, 
green and black body, and a slightly indicated 
third tergal notch. We prefer not to describe it 
without additional material. 

BroLocy.—Unknown. 

DISTRIBUTION.—The range extends across the 
country and seems to include several life zones 
from Upper Sonoran to Canadian 


Omalus (Omalus) glomeratus (du Buysson) 
(Figs. 2, 26 
Elampus glomeratus du Buysson 1901. Ann. k. k. Natur- 
hist. Hofmus. 16:98; ‘‘Washington Territory’’ ’ 
holotype, Vienna Museum). 

D1AGNosis.—Forewing length 2.7 mm. (+0.2 
mm.); color bluish green to dark blue, both sexes 
usually with pronotum and scutum extensively 
black, some males mostly black except for face; 
wings brownish, especially beyond venation; 
punctures of vertex, scutum within parapsides, 
and tergite III toward middle fine and sparse, 
these areas usually polished; notaulices faint, 
abruptly enlarged posteriorly, disappearing an- 
teriorly (fig. 2); scutellum with a triangular 
smooth spot anteriorly, continued posteriorly by 
an irregular line (fig. 2); distal edge of tergite III 
dark, not membranous, notch obscure and barely 
indicated; claws usually with two subteeth; male 
genitalia with sheath-like cuspis extending about 
five-sixths of genitalia length and considerably 
surpassing the digitus (fig. 26). 

SysTEMATICs.—In addition to the distinctive 
fading out of the notaulices near the anterior one- 
fourth of the scutum, glomeratus can usually be 
recognized by its globular form and the extensive 
polished areas of the notum. The barely in- 
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dented, nonmembranous apex of tergite III also 
differentiates it from other Nearctic species in 
the subgenus. We have studied the male type 
through the kindness of Dr. Max Fischer of the 
Vienna Museum. It is mostly black with minute 
punctures scattered over the scutum. 

BioLocy.—Specimens have been reared from 
pemphredonid twig nests collected in Contra 
Costa County, California, by J. W. MacSwain. 

DisTRIBUTION.—We have seen a total of 30 
males and 62 females from seven Western States. 
Most of these were from the Transition zone but 
the range includes Canadian and Upper Sonoran 
zones also. Localities were as follows: CALI- 
FORNIA: Soboba Springs, San Jacinto Mts. 
(Riverside Co.); Forest Home, Big Bear Valley, 
Mill Creek (San Bernardino Co.); Fullerton, 
Irvine Park (Orange Co.); Pasadena, Altadena, 
Tanbark Flat (Los Angeles por ); Onyx (Kern 
Co.); Mineral King (Tulare Co.); Santa Cruz Mts. 
(Santa Cruz Co.); Menlo “one San Mateo Co.) 
Mt. Diablo, Tassajara (Contra Costa Co): 
(Madera Co.); Strawberry Piero Co.); (San 
Joaquin Co.); Woodfords, Carson Pass (Alpine 
Co.); Fallen Leaf Lake ba Dorado Co.); Mill 
Valley, Ignacio (Marin Co.); (Sierra Co.); Weott 
(Humboldt Co.); (Siskiyou Co.). OREGON: Grants 
Pass, Mt. Hood, Applegate River, Medford, Bend, 
Hart Mt., Sisters, Summit Prairie, Suttle Lake, 
Mosier, Hood River, Tumalo Reservoir, Corvallis 
WASHINGTON: Spokane. IDAHO: Coeur d’Alene 
NeEvaADA: Verdi. New Mexico: Jemez Springs, 
Ruidoso, Tajique. COLORADO: no _ specific 
locality 


Omalus (Omalus) iridescens (Norton) 


(Fig. 18) 
Elampus iridescens Norton, 1879 
Soc. 7: 234, ‘‘Penn."’ (co lectotype, ANSP) 
Elampus marginatus Provancher, 1881. Nat. Canadien 
12: 304, Canada (9 syntypes, Quebec Museum), preoce 
by Elampus marginatus Patton, 1879 


Trans. Amer 


DIAGNOsIs.—Forewing length 3.1 mm. (+04 
mm.); color green to blue, often with considerable 
purplish, males rarely mostly black; wings 
brownish, especially beyond venation; punctures 
of vertex, scutum within parapsides and tergite 
II toward middle fine and sparse, tergite III 
similar in eastern material, more coarsely punctate 
in Pacific coast specimens; notaulices fine but 
complete, posterior pit about twice as long as 
broad; scutellum with a small anterior smooth 
spot narrowly continued posteriorly; distal edge 
of tergite III somewhat drawn out, membranous, 
notch obtuse and barely indicated (fig. 18); 
claws usually with two subteeth; male genitalia 
with sheath-like cuspis extending about five-sixths 
of genitalia length and considerably surpassing 
digitus. 

SYSTEMATICS.—The broadly membranous and 
hardly indented edge of tergite III is usually 
diagnostic. This species averages more slender 
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than either ueneus or glomeratus and is inter- 
mediate in size between the two. 

BroLtocy.—Davidson (1895) reared it from 
Stigmus inordinatus Fox. WKrombein (1958) re- 
cords it from Diodontus trisulcus (Fox) and 
Stigmus americanus Packard. J. W. MacSwain 
reared it from pemphredonid twig nests in 
California. 

DISTRIBUTION.—-We have studied 48 males and 
185 females from many areas in United States 
and Canada. It seems to range from Upper 
Sonoran or Upper Austral through the Canadian 
zone. Outlying areas in the material before us 
are: BRITISH COLUMBIA: Robson, Carbonate, 
Merritt; SASKATCHEWAN: White Fox; ONTARIO: 
Ottawa, Trenton, Fort Erie, Waubamic, Sand- 
ford, Blackburn, Leamington; QUEBEC: Wake- 
field, Cap-Rouge, Montreal, Hemmingford, Hull; 
NEW Brunswick: Nerepis; Nova Scotia: Kent- 
ville. NORTH CAROLINA: Buncombe; FLORIDA: 
St. Petersburg, Tallahassee; LOUISIANA; ARIZONA: 
Superior; CALIFORNIA: Los Angeles, Pasadena, 
12 miles southeast of Ivanpah, Half Moon Bay, 
Soquel, San Jose, Palo Alto, Danville, Antioch, 
Berkeley, San Francisco, Mt. St. Helena, Guerne- 
ville, Van Duzen River (Humboldt Co.), Mono 
Lake, Mineral King; OREGON: Forest Grove, 
Corvallis, Austin 


Subgenus Pseudomalus Ashmead 


Pseudomalus Ashmead 1902. Canadian Ent. 34: 229 
Type: Omalus semicircularis Aaron (=janus Halde- 
man), monobasic 


DIAGNOsIS.—Scutal punctation irregular, a 
clump of large shallow pits toward posterior mid- 
dle (fig. 4), other punctation mostly reduced or 
scratch-like; pubescence unusually long; tergite 
III with a distinct distal notch, profile of ITI 
acute; tarsal claws with three to six subteeth; 
postscutellum rather broadly rounded. 

SYsTEMATICs.—The distinctive pattern of scutal 
punctation is diagnostic as far as we know. In 
addition to the Holarctic auratus and the four 
American species, we have studied U. S. National 
Museum material of punctatus Uchida from 
Japan. 


Omalus (Pseudomalus) auratus (Linnaeus) 
(Fig. 21 
Sphex aurata Linnaeus 1758. Systema Na 

p. 572 (for European synonymy see du Buysson, 1891) 
Hedychrum sinuosum Say 1828. Contrib. Maclur. Ly« 

Phila. Proc. 1:53. Indiana (2 holotype destroyed) 

NEW SYNONYMY. 

DraGNosis.—Forewing length 3.5 mm. 
mm.); color of head, thorax and abdominal 
sternites green to blue and purple, tergites of 
female usually bright coppery gold, those of male 
more greenish coppery ; wings brownish, especially 
beyond venation; punctures of vertex, pronotum 
and tergite III toward middle mostly fine and 
sparse; punctures of scutum within parapsides 
rather fine, striatiform and evenly distributed 


turae, Ed. 10, 


(=. OS 
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except for an overlay of large shallow pits in 
posterior median area extending just outside 
notaulices; scutellum with close large punctures 
except for a small smooth anterior triangle; 
scutum with area between parapsidal furrow and 
notaulix nearly flat, distal notch of tergite ITI 
usually large, slightly acute to slightly obtuse, 
rounded at top (fig. 21); claws with four to six 
subteeth; male genitalia similar to fig. 28. 

SYSTEMATICS—We have studied European 
material from Spain, France and Switzerland. 
European workers have distinguished a long list 
of named varieties on the basis of coloration or 
punctation. Perhaps some of these may be 
distinct species and others merely local variants. 
In any case the Nearctic material we have seen 
seems to agree with the typical subspecies. 

This species has not previously been recognized 
in this country, where it has been very infre- 
quently collected. We suspect that it may have 
been introduced into eastern United States in 
rose canes or similar plant material. However, 
if this be so, the first introduction must have 
been early in the nineteenth century, since 
Thomas Say described sinuosum in 1828. Most 
workers have confused sinuosum with one or 
more of the blue, green, or purple species, but 
Say’s description, ‘‘reddish coppery tergum 
blue-purple”’ points clearly to auratus 

BroLocy.——We have seen three females in the 
USNM Collection reared from rose twigs by L 
M. Walkley, March 22, 1952, in Silver Spring, 
Maryland. In the European literature (du 
Buysson, 1891: 150) it is reported as a parasite 
of Trypoxylon figulus L., T. attenuatum Sm., 
Pemphredon lugubris F. and Cemonus unicolor F 
According to Invrea (1941), this species has been 
reared also from nests of Ceratina and Hylaeus 
Bees and Trypoxylon as host genera for Omalus 
are discussed under the general section on host 
relationships earlier in this paper 

DISTRIBUTION.—Altogether, 3 males and 15 
females from North America, collected from 
March to August, have been sent to us for study. 
The indicated distribution in eastern United 
States is as follows: New York: Pelham (L 
Lacey); NEW JERSEY: Ramsey, New Brunswick, 
Westfield (G. R. Ferguson); On10: Franklin Co., 
Columbus (H. V. Weems, Jr.); MARYLAND:  Sil- 
ver Spring (L. M. Walkley), Cumberland (C. W. 
Sabrosky); D. C.: Washington (D. Shappirio); 
and SouTH CAROLINA: Clemson (W. H. Purser) 
on “Buford Holly”’. 

According to Balthasar (1951), auratus ranges 
generally over Europe and much of Asia including 
the Caucausus, Siberia, and Mongolia. 


Omalus (Pseudomalus) janus (Haldeman) 
(Fig. 30 


*6 


Hedychrum janus Haldeman 1844. Proc. Acad. Nat. Sci 
Philadelphia 2:53. Type locality not stated but pre- 
sumably N. E. United States. (No type specified, 
type material, if any, destroyed 2 neotype desig- 

ted below, Cornell U 
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Elampus coruscans Norton 1879. Trans. Amer. Ent. Soc 
7: 234. Canada (9 lectotype, ANSP). 
Elampus sinuosum, of Norton, 1879. Trans. 

Soc. 7: 234. 
Elampus purpuratus Provancher 1881. Nat. 
12: 302. Canada (2 type, Quebec Museum). 
Elampus purpurascens Provancher 1881. Nat. Canadien 
12: 303, lapsus 
Omalus corruscans 
12: 214, lapsus 
Omalus semicircularis Aaron 
Soc. 12: 215. Colorado 


Amer. Ent. 


Canadien 


Aaron 1885. Trans. Amer. Ent. Sox 


1885. Trans. Amer. Ent 


* lectotype, ANSP). 


DiAGNosis.—-Forewing length 3.7 mm. (+ 0.7 
mm.); color usually mostly green or blue-green 
with varying amounts of blue and violet, meso- 
pleuron essentially green, particularly in females; 
punctures of vertex, pronotum and tergite III 
toward middle mostly fine and sparse; punctures 
of scutum within parapsides fine to moderate, 
often striatiform (scratch-like) with an overlay 
of shallow pits, usually between notaulices and 
often less than 15 in number; scutellum with area 
between parapsidal furrow and notaulix nearly 
flat; distal notch of tergite III large, usually 
obtuse, often broadly rounded at top or semi- 
circular, especially in males; claws with five or 
six subteeth; male genitalia with narrowl\ 
sheath-like cuspis extending about four-sevenths 
of genitalia length and barelv surpassing digitus 
fig. 30) 

SYSTEMATICS.—Haldeman’s original description 
contained the following critical comments or 
coloration: ‘‘Brilliant, above violet, beneath uni- 
form green; wing tips with fuliginous,”’ ‘“‘Head 
green margined with violet behind,” ‘anterior 
margin of the thorax green,’ ‘““metanotum 
violet,”’ “‘abdomen polished, violet purple, having 
a green reflexion,” “legs bright green, changing 
to violet above.’ This description appears to 
fit the species identified as sinuosum Say by 
Norton, named purpuratus by Provancher, and 
semicircularis by Aaron. We have placed coru- 
scans in synonymy with janus on the basis of 
information received from H. J. Grant, Jr., that 
the type of coruscans has the mesopleuron “‘pre- 
dominantly green in center with periphery 
purple.”” He has advised us also that the distal 
notch of tergite III is rather shallow and obtuse, 
although somewhat asymmetrical. To avoid 
confusion in the future we are designating a neo- 
type female of janus in the Cornell collection 
which agrees exactly with the original description 
It bears the data: Mt. MaclIntire, top, New 
York, June 19, 1941 (H. Dietrich). 

In addition to the distinctive male genitalia 
this species can usually be identified by the 
mostly green mesopleuron and the somewhat 
obtuse or broadly rounded notch of the third 
tergite. 

BioLtocy.—The host mentioned by Bodenstein 
(1951) under sinuosus but pertaining to janus is 
Pemphredon concolor Say. It was reared from 
cells of this species by E. G. Reinhard in Wood- 
stock, Maryland. 


DISTRIBUTION. We have studied 33 males and 
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66 females from coast to coast. In addition to 
being less common than macswaini in collections 
it seems to be a little more southerly in distribu- 
tion. To the north it has been found in BRITISH 
CoLUMBIA (Kaslo, Clinton, Kelowna, Robson, 
Harrison Mills), ONTARIO (Salines), and QUEBEC 
(Laniel, Ft. Coulange). To the south we have 
seen it from ARIZONA (Prescott, Catalina Mts., 
Oak Creek Canyon, Chiricahua Mts.), NEw 
MExIco (Jemez Springs), and NORTH CAROLINA 
(Highlands). It appears to be mostly restricted 
to the Canadian and Transition life zones. In 
California it occurs in the Sierra, in the coastal 
mountains south to San Mateo County, and in 
the San Bernardino Mts. A single record ap- 
parently from the Lower Sonoran zone is a male 
from Selma, Fresno Co. (J. C. Bridwell, USNM). 


Omalus (Pseudomalus) macswaini Bohart 
and Campos, new species 

(Fig. 22) 
Omalus sinuosus Bodenstein, in part, 1951. 

Agric. Monogr. 2: 719. 

HoLotyPpE MALE.—Length of body 5.0 mm., 
breadth of head 1.9 mm., length of forewing 4.5 
mm. Body greenish-blue with purplish reflec- 
tions; dorsum of head and thorax with smoothest 
areas purple; mesopleuron purple (partly greenish 
in some paratypes), metapleuron as well as scapal 
basin and venter green; flagellum black with 
slight bluish tint on basal segment; legs bluish 
green, tarsi brown; tegula dark brown, wings 
brown-stained, especially on distal one-half. 
Punctures of upper frons contiguous, with diam- 
eter about one-half an ocellus width, interocellar 
area with separated punctures; some scratch-like 
punctures on pronotum and scutum laterally; 
central area of pronotum sparsely punctate; 
scutum irregularly punctate; posterior two- 
thirds of internotaulical area with large, shallow, 
pit-like punctures, a few medium ones just out- 
side notaulices; scutellum with close large punc- 
tures except for a small smooth anterior triangle; 
tegula weakly punctate; abdomen finely and 
evenly punctate, punctures becoming somewhat 
more coarse toward apex of tergite III. Pubes- 
cence long, gray, on vertex, front femur, notum 
and tergite III about 2.0-2.5 ocellus diameters. 
Median ocellus about twice its diameter from 
sharp edge of scapal basin; scutum slightly but 
definitely raised lateral to notaulices, post- 
scutellum obtusely rounded in profile, tarsal 
claws with five subteeth; third tergite slightly 
sinuate laterally, with a well-developed, some- 
what narrowly rounded distal notch (fig. 22); 
genitalia about as in figure 28. 

FEMALE.—About as in male, notal *‘scratching”’ 
often more prominent, tarsi darker, notch of ter- 
gite III more narrowly rounded, almost angular; 
tarsal claws with five to six subteeth. 

HoLotyPE Mae (CAS), Jenny Lake, Teton 
Co., Wyoming, July 12, 1937 (J. W. MacSwain) 


U. S. Dept. 
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-aratypes, 7 males, 11 females, topotypical, col- 
lected July 10-21, 1937 (J. W. MacSwain) 
Metatypes, 26 males, 148 females from the fol- 
lowing localities: QUEBEC: Montreal, Aylemer, 
Rougemont, St. Hilaire; ONTARIO: Hemming- 
ford, Ottawa, Trenton, Port Hope, Belleville, 
Toronto, Vineland Station, Hastings, Sudbury, 
Ridgeway, Wainfleet, Kearney, Muskoka; MANI- 
TOBA: Toulon, Aweme, Red Deer River; SAs- 
KATCHEWAN: Pike Lake, Snowden; ALBERTA: 
Bilby, Banff; British CoLUMBIA: Summerland, 
Keremeos, Royal Oak, Salmon Arm, Oliver, Mis- 
sion City, Nelson, Hazelton, Comox, Robson, 
Midday Valley, Smithers, Bear Lake; Nortu- 
WEsT TERRITORY: Norman Wells, Fort Norman; 
YUKON TERRITORY: Whitehorse; ALASKA: An- 
chorage, Matanuska, Fort Yukon, Fairbanks; 
NEW HAMPSHIRE: White Mts., Franconia, Hamp- 
ton; New York: Aurora, Thousand Islands, 
Ithaca, Labradow Lake, Holly, Oswego, Lan- 
caster; MASSACHUSETTs: Stonehaven, Melrose 
Highlands; PENNSYLVANIA: Northeast; D. C.: 
Washington; VIRGINIA: Dunn Loring; Nort 
CAROLINA: Black Mts.; Georcia: Bainbridge; 
ALBAMA: Gadsden; TExAs: Richmond; KAn- 
sAs: Pottawatomie Co., Lawrence; Iowa: Sioux 
City, County No. 7; ILiiNots: Algonquin, 
Meredosia; MICHIGAN: Douglas Lake, Nottawa, 
Midland Co., Cheboygan Co., Missaukee Co., 
Isabella Co., Roscommon Co.; MINNESTOA 
Cooley, Beaulieu; WIsconsIN: Clark Co.; CoLo- 
RADO: Boulder Co., Garland; IDAHO: Beaver 
Canyon, Moscow, Twin Falls; WAsHINGTON 
Monroe, Nahcotta; OREGON: Corvallis, Steens 
Mts., Forest Grove; CALIFORNIA: Canby, Mt 
Shasta City, Hat Creek, Shasta Springs, Cassel, 
Sonora Pass, Quincy, Carnelian Bay, Blue Lake 
(Humboldt Co.), Gold Lake (Sierra Co.), Sierra- 
ville, Shingletown, Woodfords, Big Pine, Benicia, 
Alameda Co., Los Angeles; ARIZONA: White 
Mts. 

SysTEMATICS.—The slightly lobate scutum and 
acutely angled or narrowly rounded third tergal 
notch characterize this species. It averages a 
little smaller than janus and the scutal pits tend 
to be larger, more numerous, and occupy a more 
definitive area. A strongly “scratched” effect on 
the pronotum and scutum is frequent, but this 
occurs sometimes in janus, occasionally in ¢ri- 
lobatus, and rarely in aeneus. There is a variable 
infusion of purple with blue and green, but no 
specimens have been seen in which the abdomen 
becomes copper or golden. The primarily purple 
mesopleuron is the usual condition in macswaini, 
especially in females, and it is useful as a further 
separation from janus. The species is named 
for Dr. J. W. MacSwain, who collected much of 
the western material on which this paper is based. 

BroLocy.—According to Viereck (1916), what 
is presumed to be this species has Stigmus ameri- 
canus Packard as its host. 


DISTRIBUTION.—The transcontinental range 
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covers primarily the Canadian and Transition life 
zones, with some records in the Upper Austral. 
It is the only species of the subgenus so far 


* Alaska. 


reported from northern Canada 


Omalus (Pseudomalus) trilobatus Bohart 
and Campos, new species 
(Figs. 4, 15, 25, 28) 

HoLotyPpE MALE.—Length of body 5.0 mm., 
breadth of head 2.2 mm., length of forewing 5.0 
mm. Body greenish-blue with purplish areas on 
head and thorax, scutum and scutellum partly 
blackish, venter bluish-green, flagellum black with 
slight bluish reflections on basal segment, tegula 
mostly black, tarsi brown, wings brown-stained, 
especially on distal third. Punctures of upper 
frons contiguous, with diameter about one-half 
an ocellus width, interocellar area roughened, 
indistinctly punctured, some “‘scratching”’ in evi- 
dence specially behind eyes; pronotum with a few 
large medial punctures, punctation of scutum and 
scutellum as in fig. 4, tegula finely punctate; 
abdomen finely and evenly punctate, punctures 
becoming somewhat more coarse toward apex of 
tergite III. Pubescence abundant, long and 
gray; on vertex and front femur about 2.5 ocellus 
diameters, on notum and tergum about 2.0 
ocellus diameters. Median ocellus about twice 
its diameter from sharp edge of scapal basin; 
scutum raised lateral to notaulices so as to give 
a trilobed appearance, postscutellum obtusely 
rounded in profile, tarsal claws as in fig. 22; 
second tergite about twice as broad as long, 
third tergite slightly sinuate laterally, with a 
V shaped notch distally, notch filled with mem- 
brane at extreme base (fig. 15); genitalia as in 
fig. 28 

FEMALE. 
to black. 

HOLOTYPE 
Co., California, 
Paratypes, 25 males, 
from CALIFORNIA: 


About as in male, tarsi dark brown 
MALE (CAS), Samuel Springs, Napa 
May 9, 1955 (R. M. Bohart). 
33 females, April to August 
Riverside, on Sambucus (P. 
H. Timberlake), Olive: (J. C. Elmore), West 
Hollywood Hills (R. G. Howell), Herkey Creek 
and Idyllwild, San Jacinto Mts. (C. D. Michener), 
Pasadena, Mineral King (G. E. Bohart), Cali- 
fornia Hot Springs, Tulare Co. (E. C. Van Dyke), 
Pinnacles National Monument (J. W. MacSwain), 
Arroyo Seco, Monterey Co. (D. M. Maddox, P. 
Torchio, R. C. Bechtel), Santa Cruz (R. M. 
Bohart), Mt. Hamilton (D. Burdick), Mt. Diablo 
(J. W. MacSwain), Walnut Creek, Yosemite 
Valley (H. L. McKenzie, E. C. Van Dyke), 
Samuel Springs, Napa Co. (E. I. Schlinger, R. C. 
Bechtel, R. M. Bohart), Cache Creek, Yolo Co. 
(R. C. Bechtel), Kelseyville (S. M. Fidel), Cobb 
Mt., Lake Co. (R. M. Bohart), Berkeley (G. E. 
Bohart), Antioch (R. Schuster), Colfax (R. M. 
Bohart), Woodfords (R. M. Bohart), Lake Tahoe, 
El Dorado Co. (E. P. Van Duzee), S 
and Gold Lake, Sierra Co. (A. A. Grigarick, C. L. 
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Fox); OREGON: Klamath Lake (C. L. Fox), 
Talent (L. G. Gentner); WASHINGTON: Field 
Springs State Park, Asotin Co. (W. H. Lange); 
BRITISH COLUMBIA: Robson (H. R. Foxlee); 
IDAHO: Moscow Mts. (E. I. Schlinger); NEVADA: 
Verdi (R.. M. Bohart). Metatypes, 2 females, 
ARIZONA: White River (G. Butler, F. Werner): 
CoLORADO: Boulder (M. C. Van Duzee). 

SYSTEMATICS.—The short, paddle-like cuspis 
(fig. 28) and the raised scutal lobes relate this 
species most closely to macswaini. However, 
the scutal lobes of ¢rilobatus are much more 
prominent. The sharply V-shaped third tergal 
notch occurs in both sexes and differentiates the 
species from most specimens of macswaini. 
“Cross-scratching”’ of the scutum is infrequent, 
and the lobes are often shiny and faintly punctate. 
Color is somewhat variable as in all Omalus but 
in general the dorsum is blue and purple, the 
mesopleuron purple, the scapal basin green, and 
the venter green. 

BioLtocy.—A female specimen was reared by 
G. E. Bohart from a pemphredonid nest in 
Sambucus twigs collected at Mineral King, 
Tulare Co., California. 

DISTRIBUTION.—The range is restricted to the 
Western States and British Columbia, where it 
inhabits Canadian, Transition, and Upper Sonoran 
life zones 


Subgenus Diplorrhos Aaron 


Diplorrhos Aaron 1885. Trans. Amer. Ent. Soc. 
Type: Diplorrhos plicatus, monobasic. 


12: 216. 


DIAGNOsIS.—Scutal punctation irregular, punc- 
tures Smeg EE more or less closely with nota- 
ulices (figs. 1, ), leaving smooth areas medially 
and mene aiid moderate to scanty; 
tergite III usuz ily with a distinct distal notch and 
often with a truncate profile; tarsal claws usually 
with two subteeth but in some species with three 
to four; postscutellum often pointed or projecting 
in profile. 

SysTEMATICs.—Aaron considered Diplorrhos as 
a genus because of the peculiar tooth-like pro- 
jections of the third tergite in the type species. 
We consider this as specific in value and base the 
subgenus on the pattern of the scutal punctation. 
A somewhat distinctive group is formed by 
intermedius and seminudus in which the trunca- 
tion of tergite III approaches the condition found 
in Elampus. Another distinctive group, of sub- 
generic value, is Philoctetes. Through K. V. 
Krombein we have seen examples of the type 
species, micans (Klug), from Spain and deflexus 
(Abeille) from Egypt. These have scutal charac- 
teristics similar to Diplorrhos but they have the 
rim of tergite III hardly incised and transversely 
grooved to give a doubled effect. In addition 
the postscutellum is broadly rounded. We have 
seen no American species of this group although 
telfordi has points of similarity. 
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Omalus (Diplorrhos) cressoni (Aaron) 
(Fig. 7) 

Elampus cressoni Aaron 1885. Trans. Amer. Ent. Soc. 
12: 215. Colorado (? lectotype, ANSP). 
D1aGnosis.—Forewing length 3.0 mm. (+ 0.3 

mm.); color usually blue-green; wings rather 

evenly and lightly brown stained; scutum within 

parapsides with punctures of small to moderate 
size scattered around notaulices (not quite so 
scattered as in fig. 3); scutellum with a small 
smooth triangle anteriorly, punctures here and 

on postscutellum numerous and pit-like, tergite I 

extensively punctate, posteromedian punctate 

area four or more punctures deep; punctation fine 
and rather close on II, fine to coarse and dense on 

III; scutum evenly convex, postscutellum broadly 

rounded (fig. 7a); lateral edge of tergite III 

bisinuate, more basal sinus much the larger, ter- 

minal notch usually acute (fig. 7c), tergite III a 

little prolonged and truncate in profile (fig. 7b); 

claws slender, with two subteeth; genitalia about 
as in fig. 27, but cuspis proportionately a little 
longer. 

SYSTEMATICS.—We have studied two Montana 

paratype females from the A.N.S.P. collection 
lent to us by H. J. Grant, Jr. One of these 
agrees closely with the above diagnosis. 
The other has transparent wings and seems to be a 
rare cressoni form of which we have seen two 
other females. These bear the data, Delta, Utah 
(G. F. Knowlton), and Brothers, Oregon (G. F. 
Knowlton). The species most closely related 
to cressoni are granti, telfordi, and variatus. The 
last-named can usually be distinguished at once 
by the strong subapical sinus of tergite III. The 
body color, transparent wings and rather smooth 
tergite I will separate felfordi. Of the two re- 
maining species, cressoni has tergite III slightly 
produced and truncate (fig. 7b) instead of simple 
as in granti. In addition, cressoni is a smaller 
species and ordinarily has only two subteeth in 
the tarsal claws. 

BroLocy.—Material from Oakhurst, Madera 
Co., California, has been reared by E. G. Linsley 
from twig nests of Pemphredon species. Adults 
of both sexes, but mostly males, are often col- 
lected by sweeping grass in the late spring. 

DISTRIBUTION.—We have studied 74 males and 
S6 females of this western species. It is one of the 
most frequently collected California species in 
Upper Sonoran and Transition zones throughout 
the State. Localities in other states are as fol- 
lows: ARIZONA: Douglas (R. H.. Beamer); 
CoLoRADO: Colorado Springs and MHuertano 
Co. (R. and K. Dreisbach), Ouray; OREGON: 
Brothers (G. F. Knowlton), Corvallis; UTAH: 
Delta (G. F. Knowlton); MONTANA: two para- 
types, “Montana”; NEBRASKA: Dunning (R. 
and Kk. Dreisbach). 


Omalus (Diplorrhos) downeyi Bohart and 
Campos, new species 
(Figs. 5, 8) 


HoLoTYPE MALE.—-Length 3.5 mm., breadth 
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of head 1.0 mm., length of forewing 2.5 mm. 
Body black with some greenish and coppery 
reflections specially on head and thorax, tarsi 
brown, wings brown-stained, especially on distal 
third. Punctures of upper frons nearly con- 
tiguous with diameter nearly two-thirds an ocellus 
width, interocellar area shiny with fine scattered 
punctures; pronotum with scattered large median 
punctures, punctation of scutum and scutellum 
as in fig. 5, tegula roughened, with a few but 
indistinct punctures; tergite I extensively smooth, 
posteromedian punctate area only about two 
punctures long, tergite II finely and evenly 
punctate, punctures thicker and a little coarser 
on tergite III. Pubescence sparse, pale and 
inconspicuous, most prominent on head and ter- 
gite III where it is a little longer than an ocellus 
diameter. First flagellar segment 2.0 times as 
long as broad, median ocellus twice its diameter 
from smooth edge of scapal basin; scutum humped 
toward posterior third, postscutellum acutely 
angled in profile projecting at an angle of 80° 
(fig. 8a), tarsal claws about as in fig. 23; second 
tergite 1.5 times as broad as long, third tergite 
strongly projecting into a concave snout in pro- 
file, distinctly bisinuate laterally, more basal con- 
cavity slightly the larger, distal notch of III 
narrow and nearly parallel-sided, above which is 
a smoothly rounded projection (fig. Sb); genitalia 
about as in fig. 27 

FEMALE.—About as in male, tarsi blackish. 

Ho.LotyPE MALE (CAS), 1.5 miles west of Camp 
Richardson, El] Dorado Co., California, July 24, 
1955 (J. C. Downey). Paratypes, 21 males and 
30 females, June to July, all from CALIFORNIA: 
Sequoia National Park, Tulare Co. (C. D. 
Michener); Strawberry (J. W. MacSwain) and 
Tuolumne Meadows (R. H. Beamer, A. D. Tel- 
ford), Tuolumne Co.; near Silver Lake, Amador 
Co. (J. C. Downey, E. I. Schlinger); Hope Valley 
(J. W. MacSwain). Red Lake (E. I. Schlinger), 
and Winnemucca Lake, 9,200 feet elevation (R 
M. Bohart), Alpine Co.; Carnelian Bay and 
Brockway Summit (R. M. Bohart), Lake Tahoe 
(R. H. Beamer), Placer Co.; Sagehen Creek, 
Nevada Co. (R. M. Bohart); Independence Lake 
and Gold Lake, Sierra Co. (R. M. Bohart); West- 
wood (P. D. Hurd) and Susan River Camp (A 
T. McClay, J. E. Gillaspy), Lassen Co.; Mt. 
Shasta City, Siskiyou Co. (J. Powell). Meta- 
types; OREGON: 1 male, Lake of the Woods, 
Mt. McLaughlin (G. E. Bohart); 1 female, 
Cloverdale (Schuh and Grau); NEVADA: 1 
female, Carson City (D. E. Hardy). 

SYsTEMATICS.—The oddly-shaped third tergite 
is diagnostic for this species. The huge punctures 
of the notum are similar to those found in specu- 
lum but the latter is usually much more highly 
colored with blue and green rather than antique 
green and bronze. It is probably consistently 
the smallest Nearctic Omalus, our largest speci- 
mens reaching only 4.0 mm. in length. 


BIOLOGY AND DISTRIBUTION.—Hosts are un- 
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known. The species appears to occur mostly in 
the Canadian life zone of the Pacific Coast States. 
Specimens collected by the senior author were all 
taken on new and partially sunlit foliage of small 
poplar bushes. 


Omalus (Diplorrhos) granti Bohart and 
Campos, new species 
(Fig. 19) 

HoLotyPE MALE.—Length 6.0 mm., breadth 
of head 1.8 mm., length of forewing 3.8 mm.; 
color green to bluish-green, smooth areas of 
notum with violet reflections; wings brownish, 
especially beyond venation; punctures of upper 
frons contiguous, with diameter about one-half 
an ocellus width, face punctate laterally, scapal 
basin somewhat cross-striate; interocellar area 
with a semicircle of punctures; vertex and central 
area of pronotum with scattered punctures; 
scutum with 20-24 moderate-sized shallow pits 
rather closely associated with each notaulix; 
scutellum with a smooth median area, broad in 
front, narrowed posteriorly; postscutellum with 
many close pits; tegula weakly punctate; tergite 
I extensively punctate, posteromedian area aver- 
aging about six punctures long; tergite II rather 
closely and moderately punctate, III becoming 
more uneven and coarser; pubescence sparse, 
pale, mostly less than twice an ocellus diameter 
in length; first flagellar segment about 1.6 times 
as long as broad, median ocellus about twice its 
diameter from smooth edge of scapal basin; 
scutum evenly convex; postscutellum obtusely 
rounded in profile; tarsal claws with three sub- 
teeth; second tergite about twice as broad as long, 
third tergite not projecting in profile, strongly 
bisinuate laterally, more basal sinus much the 
largest, distal notch almost semicircular (fig. 19); 
genitalia about as in fig. 27 but cuspis propor- 
tionately a little longer. 

FEMALE.—About as in male, distal notch of 
tergite III usually somewhat angled but large. 

HoLotyPE MALE (CAS), Idyllwild, San Jacinto 
Mts., Riverside Co., California, June 22, 1941 
(E. C. Van Dyke). Paratypes, 1 male, 9 females, 
May to July, from CALIFORNIA: Idyllwild (E. C. 
Van Dyke), Mt. Diablo, Contra Costa Co. (F. X. 
Williams), Samuel Springs, Napa Co. (E. I. 
Schlinger), Twin Rocks, Mendocino Co. (E. C. 
Van Dyke), Carrville, Trinity Co. (G. E. Bohart), 
Tobin, Plumas Co. (W. W. Middlekauff), Weott, 
Humboldt Co. (E. C. Van Dyke), Westgard Pass, 
Inyo Co. (R. M. Bohart). Metatypes, 3 males 
and 4 females, June to July from ARIZONA: 
Greer (A. and H. Dietrich), McNary, 5 miles 
south (F. Werner, G. Butler); New Mexico: 
Taos Canyon (R. and kK. Dreisbach), Tajique 
(R. H. Beamer); NeEvapa: Verdi (R. M. 
Bohart); CoLtorapo: Ouray (H. F. Wickham). 

SYSTEMATICS.—The large size, more complex 
tarsal claws, simple tergite III without truncation, 
and type of scutal punctation characterize this 
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species. Its relationships are discussed under 
cressoni. The species is named for Mr. H. J. 
Grant, Jr., who has kindly helped us in compari- 
son of type material. 

BioLtocy.—Unknown. 

DISTRIBUTION.—The species appears to be 
generally distributed west ot the Rocky Moun- 
tains and occurs in Upper Sonoran to Canadian 
life zones. 


Omalus (Diplorrhos) intermedius (Aaron) 
(Fig. 13) 

Notozus intermedius Aaron 1885. Trans. Amer. Ent. Soc. 
12: 218. Montana (@ holotype, ANSP). 
D1AGNosIs.—Forewing length 3.6 mm. (+ |] 

mm.); color blue-green with purplish reflections 
on smooth areas of dorsum; wings brownish; 
interocellar area and vertex strongly punctate, 
median area of pronotum with about 12 large 
shallow pits, scutum within parapsides with many 
smaller pits closely associated with notaulices; 
scutellum with a small, smooth, anterior triangle; 
tergite I with a few isolated punctures medio- 
apically; scutum evenly convex, post-scutellum 
conical, obtusely rounded in profile (fig. 11); 
tarsal claws with four to five subteeth as in 
figure 24; tergite III prolonged and narrowly 
snout-like toward apex which is semicircularly 
notched and partly filled in (fig. 1lc); genitalia 
about as in figure 27 but with digitus a little 
shorter and stouter. 

SYSTEMATICS.—Until now the species has been 
known only from the holotype. Four males sent 
to us by kK. V. Krombein agree with the original 
description and with notes on the type kindly 
made for us by H. J. Grant, Jr. There is a close 
relationship only with seminudus, and the two 
species taken together form a possible connecting 
link with the genus Elampus. The membrane- 
filled notch of tergite III led Aaron (1885) to 
place them in Notozus (= Elampus), and Boden- 
stein (1951) considered them as Elampus. The 
absence of a long male genal fringe rules inter- 
medius and seminudus out of Elampus in our 
opinion. Furthermore, the entirely different and 
restricted scutal punctation, as well as the 
genitalic structure, seem to place them in the 
subgenus Diplorrhos of Omalus. This species 
differs from seminudus primarily by the shorter 
postscutellum and different punctation. 

BroLocy.—Specimens collected by Kk. V. Krom- 
bein were flying rapidly around and alighting on 
foliage of a hop-hornbeam, Ostrya virginiana. 

DISTRIBUTION.—The known geographical range 
is based on the male holotype from Montana and 
on 4 males from Plummers Island, Maryland, 
taken June 14, 1958 (K. V. Krombein). 


Omalus (Diplorrhos) krombeini Bohart and 
Campos, new species 
(Figs. 3, 13) 
HoLotyPE MALE.—Length 3.5 mm., breadth 
of head 1.5 mm., length of forewing 2.8 mm. 
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Body greenish, head more bluish, abdomen faintly 
coppery, scutellum blackish toward middle, 
flagellum black, tegula almost black, tarsi brown, 
tergite III with a narrow translucent margin, 
wings brownish, paler distally. Punctures of 
upper frons clearly separated toward scapal basin, 
with diameter about one-half an ocellus width, 
interocellar area shiny, faintly punctured; prono- 
tum with scattered large punctures medially, 
punctation of scutum and scutellum as in fig. 3, 
tegula hardly punctured; tergite I extensively 
smooth, posteromedian punctate area two to 
three punctures deep; tergite II finely punctate, 
coarser laterally and on all of tergite III. Pubes- 
cence rather sparse and silvery, about twice an 
ocellus diameter, on front femur about three 
times an ocellus diameter. First flagellar seg- 
ment 1.7 times as long as broad, median ocellus 
only about its diameter from smooth edge of scapal 
basin; scutum evenly convex, postscutellum 
acutely angled in profile, projecting at an angle 
of about 80°, tarsal claws about as in fig. 23; 
second tergite about twice as broad as long, 
third tergite slightly projecting snout-like in 
profile, distinctly bisinuate laterally, with a 
broadly v-shaped notch distally (fig. 13c); 
genitalia about as in fig. 27. 
FEMALE.—About as in male, except that abdo- 
men is generally coppery with greenish reflections. 
HoLtotyPpE Mate (CAS), Tucson, Arizona, 
March 31, 1957, on Astragalus (A. D. Telford). 
Paratypes, 2 males, 14 females, topotypical, 
March to April, 1957 (A. D. Telford). Meta- 
types, 9 males, 20 females, March to May, 
CALIFORNIA: Borrego Valley (R. M. Bohart, R. 
W. Bushing, P. D. Hurd), Holtville (V. L 
Wildmuth), Thousand Palms (W. R. Mason, W. 
R. Richards, J. E. Martin), Fish Creek Mts., 
Imperial Co. (W. R. Mason), Palm Springs (W 
R. Richards), Riverside (P. H. Timberlake), 
Apple Valley (W. R. Mason). 
SYSTEMATICS.—The stained wings, scattered 
scutal punctures, generally obtuse notch of ter- 
gite III, and rather blunt postscutellum charac- 
terize this species. It is related to variatus and 
cressoni but differs in many respects as shown in 
the key. We have named the species for Dr. K. 
V. Krombein who has been of constant help 
throughout this study. 
BioLocy.—Unknown except for a 
association with bladderpod (Astragalus). 
DIsTRIBUTION.—The known records indicate a 
range through the Lower Sonoran life zone in 
southern California and Arizona. 


possible 


Omalus (Diplorrhos) seminudus Aaron 
Fig. 12) 

Notozus seminudus Aaron 1885. Trans. Amer. Ent. Soc. 
12: 218. Washington (o lectotype, ANSP). 
DiAGNosis.—Forewing length 4.0 mm. (+ 0.1 

mm.); color blue-green to blue; wings brown- 

stained, especially beyond venation; interocellar 
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area and vertex strongly punctate, median area of 
pronotum with few or indistinct pits; scutum 
within parapsides with moderately large punctures 
grouped along notaulices; scutellum with an 
irregular anterior smooth triangle; tergite | 
extensively smooth, posteromedian punctate area 
only about two or three fine punctures long; ter- 
gite ‘I rather sparsely and finely punctate, III 
more coarse and irregular; scutum evenly convex, 
postscutellum cone-shaped to somewhat blade- 
like, acutely projecting in profile (fig. 12a); ter- 
gite III prolonged and narrowly snout-like, notch 
semicircular and partly filled in (fig. 12c), lateral 
edge angled; genitalia about as in fig. 24 but with 
digitus a little shorter and stouter. 

SYSTEMATICS.—The backward-projecting post- 
scutellum varies in shape from a cone to a blade. 
Its relationships are discussed under intermedius 
Notes on the type were kindly furnished by H. J 
Grant, Jr., who also lent us 2 paratypes 

BroLtocy.— Unknown. 

DIsTRIBUTION.—We have seen nine males and 
five females of this uncommon species as follows 
CALIFORNIA: Coalinga, 15 miles west (J. W 
MacSwain); Carrville (Trinity Co.) (T. G 
Aitken); Ash Mt. Road, Sequoia National Park 
(R. C. Bechtel). OREGON: Ochoco Ranger Sta- 
Station, 3 miles east (Crook Co.) (J. Schuh, H 
Gray). WAsHINGTON: “W. T.” (pair of para- 
types). British CoLuMBIA: Robso.u (H. R 
Foxlee). IpAHO: Idaho City (W. E. Cole) 
ONTARIO: Kearney (M. C. Van Duzee), Sud- 
bury. ALAsKA: Big Delta (W. M. Mason) 


Omalus (Diplorrhos) speculum (Say) 
(Fig. 20) 

Hedychrum speculum Say 1836. 
1: 225, Washington ( type 


designated below, CAS) 


Boston Jour. Nat. Hist 


destroyed, 2 neotype 


DIAGNOsIs.—Forewing length 3.4 mm. (+ 0.4 
mm.); color generally blue with varying amounts 
of green, dorsum usually mainly black, especially 
in smooth and sparsely punctate areas; wings 
brownish, especially beyond venation; scutum 
within parapsides with punctures closely associ- 
ated with notaulices, some of more posterior ones 
greatly enlarged (similar to fig. 5), scutellum and 
postscutellum with several to many similar pits; 
tergite I with a large smooth central spot restrict- 
ing posteromedian punctate area to about 2 
punctures in length; punctation moderate on II, 
moderate to coarse on III; lateral edge of tergite 
III bisinuate, more basal sinus large, more distal 
one indistinct, terminal notch deeply U-shaped 
(fig. 20), surmounted by a small, narrow knob; 
claws with two subteeth about as in figure 23; 
genitalia about as in fig. 27 but cuspis_ pro- 
portionately longer. 

SYSTEMATICS.—The humped scutum_ bearing 
grotesque punctures is also found in downeyt, 
sometimes in plicatus and rarely in variatus. The 
narrow third tergal notch beneath a small or 
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inconspicuous knob effectively separates speculum 
from the first two. The relationship with 
varialus is discussed under that species. Aaron 
(1885) and Norton (1879) reported a specimen 
from Illinois. Their descriptions indicate that 
this was a misidentification. To circumvent 
possible future confusion we are designating a 
neotype female (CAS) with the data White 
River, Rainier National Park, Washington, July 
25, 1936 (E. C. Van Dyke). 

BroLocy.—Unknown. 

DiIsTRIBUTION.—-We have seen 10 males and 31 
females from the Transition and Canadian life 
zones in four Western States as follows: CaALI- 
FORNIA: Tuolumne Meadows and Yosemite 
Valley (Tuolumne Co.), Cedar Pass (Modoc Co.), 
Siskiyou Co., Carnelian Bay (Placer Co.), Sagehen 
Creek (Sierra Co.), Bear Valley (Marin Co.), 
Soquelle (Santa Cruz Co.); OREGON: Santa 
Clara, Forest Grove, Upper Klamath Lake, 
Klamath Falls, Crater Lake, Corvallis, Grant Co., 
Blooming, Austin, Mt. Hood, Suttle Lake, 
Hillsboro, Lake Labish (Marion Co.), Wallowa 
National Forest; WASHINGTON: Wenatchee Mts., 
White River (Rainier National Park); COLORADO: 
Raymonds. 


Omalus telfordi Bohart and Campos, new species 
(Figs. 14, 27) 


Length 4.0 mm., breadth of 
Head 


HOLOTYPE MALE. 
head 1.3 mm., length of forewing 3.0 mm. 


greenish, blackish toward vertex, thorax mostly 
black with greenish reflections laterally and on 
legs, tarsi dark brown, tergites dark coppery (some 
paratypes bright coppery), venter black with 


greenish tints, wings nearly clear, somewhat 
milky. Punctures of upper frons clearly sepa- 
rated with diameter about one-third an ocellus 
width, face almost completely smooth below eye 
middle; interocellar area shiny, faintly punctate; 
pronotum with scattered fine punctures medially, 
punctation of scutum and scutellum about as in 
fig. 3, but with scutal punctures fewer and finer, 
tergite I with a smooth central spot restricting 
posteromedian punctate area to about two 
punctures in length; tergite II moderately punc- 
tured, somewhat coarser on tergite III where 
punctures are about one diameter apart. Pubes- 
cence sparse, pale, mostly less than twice an 
ocellus diameter in length. First flagellar seg- 
ment about 1.5 times as long as broad, median 
ocellus about twice its diameter from smooth 
edge of scapal basin; scutum evenly convex, 
postscutellum rectangular in profile, tarsal claws 
about as in fig. 23; second tergite about twice as 
broad as long, third tergite hardly projecting 
snout-like in profile, weakly bisinuate laterally 
with a broadly V-shaped notch distally (fig. 14c); 
genitalia as in fig. 27. 

FEMALE.—About as in male, except that ter- 
gites are usually coppery red. 

HototyPpE MALe (CAS), 


Tucson, Arizona, 
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March 31, 1957, on Astragalus (A. D. Telford). 
Paratypes, 7 males, 46 females, same data as 
holotype; 5 females, topotypical, March to May 
(G. Butler and F. Werner). Metatypes, 22 
males, 34 females, March to June (except an 
Antioch, Calif. female, August), CALIFORNIA: 
Borrego Valley on Croton californicus (P. D. 
Hurd), Blythe, Indio, Desert Center, Vidal, 
Palm Springs, Claremont, Apple Valley, 29 Palms, 
Panamint Mts. on Eriogonum inflatum (P. D. 
Hurd), Arroyo Seco Camp (Monterey Co.), 
Antioch; NEVADA: Overton; ARIZONA: Sahua- 
rita on Prosopis (G. Butler and F. Werner), Avra 
Valley, Continental, Tempe on Astragalus pat- 
tersonii (L. L. Stitt), Elfrida and Duncan on alfalfa 
(F. Werner and G. Butler), Pichaco on Larrea; 
New Mexico: Albuquerque, Lordsburg; TEXAs: 
Odessa, Imperial (L. D. Beamer). 

SYSTEMATICS.—This is the only species of the 
subgenus which we have seen with transparent 
wings, except for the few odd specimens discussed 
under cressoni. The wing character added to 
the coppery or bronzy abdomen, and the rather 
scattered scutal punctures are distinguishing. 
The species is named for our friend, Dr. A. D. 
Telford, who collected the type specimen. 

BroLtocy.—The host is unknown. Adults have 
been taken on a variety of desert plants, the 
relatively long type series being swept from 
bladderpod. 

DIsTRIBUTION—The range appears to be south- 
western in Upper and Lower Sonoran habitats. 


Omalus (Diplorrhos) variatus (Aaron) 
(Figs. 1, 9) 

Elampus variatus Aaron, 1885. Trans. Amer. Ent. Soc. 
12: 215. Montana (@ lectotype, ANSP). 
DIAGNos!s.—Forewing 3.0 mm. (+ 0.5 mm.); 

color mostly blue or greenish blue, male varying 

to black; wings brown-stained, especially beyond 
venation; scutum within parapsides with mod- 
erate to large punctures closely associated with 
notaulices (fig. 1); scutellum with a smooth 
triangle anteriorly, sometimes continuing to pos- 
terior edge, especially in males, punctures numer- 
ous and pit-like here and on _postscutellum; 
tergite I extensively smooth, posteromedian 
punctate area only about two punctures long; 
tergite II rather evenly and moderately sparsely 
punctate, III coarser and more uneven; scutum 
evenly convex, postscutellum cone-shaped, ob- 
tusely to somewhat acutely angled in profile 

(fig. Ya): lateral edge of tergite III bisinuate 

(fig. 9b), more distal sinus larger or sharper than 

basal one; tergite III prolonged and truncate, 

notch usually large, relatively deep, and acute to 
right-angled (fig. 9c); claws slender, with two 
subteeth; genitalia similar to fig. 27 but cuspis 
proportionately a little longer. 
SYSTEMATICS.—This is part of a species complex 
in which we have identified seven species—cres- 
soni, downevi, granti, peltatus, speculum, telfordi, 
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and variatus. In addition we have segregated 
several possible additional species which we do 
not wish to name at this time. More material, 
particularly from southwestern United States will 
be needed before these puzzling forms can be 
properly evaluated. We are restricting our con- 
cept of variatus to those specimens which agree 
with the figure and original description of Aaron 
(1885: 216), third segment of abdomen 
tapering gradually towards its apex, the snout- 
like projection strong, the margins bisinuate, the 
apical one deepest, a ridge above the notch caused 
by its sides being suddenly bent downwards.” 
Three paratypes lent to us from the A.N.S.P. 
collection by Mr. H. J. Grant, Jr., agree with this 
interpretation. Relationships of variatus have 
been discussed under other species in the complex. 
The recognition characters lie in the stained 
wings, closely grouped scutal punctures, angular 
postscutellum, and structure of tergite III as 
described above. 

BroLocy.—Unknown. 

DIsTRIBUTION.—Widespread in western North 
America in Upper Sonoran, Transition, and 
Canadian life zones. Localities are as follows: 
ARIZONA: Showlow, Taylor. CALIFORNIA: Buck- 
man Springs (San Diego Co.), Coalinga 15 miles 
west, Fresno, Pioneer Basin and Kings River 
Canyon (Fresno Co.), Westgard Pass (Inyo Co.), 
Wood Lake (Tulare Co.), Pleyto, Mendota, An- 
tioch, Samuel Springs (Napa Co.), Sacramento, 
Cache Creek (Yolo Co.), Echo Lake (El Dorado 
Co.), Bridge Creek Camp (Lassen Co.). OREGON: 
Klamath Falls, The Dalles, Wallowa National 
Forest, Dixie, Corvallis, Summit Prairie, Cor- 
nelius, Adrian, Cornucopia, Arlington. NEVADA: 
Sparks, Mt. Rose, Ely, Austin. Ipano: Idaho 
City, Hollister, Minadoka National Forest, Mt. 
Home, Aberdeen, Hansen, Springfield, Burley, 
Hazelton, Carey. NeW Mexico: Hyde State 
Park, Cloudcroft. CoLorapo: Poudre Canyon 
Florissant, Pingree Park, Masonville, Aspen, 
Great San Dunes, Rabbit Ears Pass. UTAH: 
Milford, Elsinore, Circleville, Monte Cristo, 
Delta, Emory, Hanna, Clear Creek Canyon, La 
Point, Cedar Breaks, Salt Lake City. WyYoMINc: 
Coulee City, Easton, Centennial, Jenny Lake. 
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Montana: Glacier National Park. Norty Da- 
KOTA: Bismarck. NEBRASKA: West Point. Iowa: 
Sioux City. WASHINGTON: Asotin, Coulee City, 
Mt. Rainier. BRITISH COLUMBIA: Clinton, Kam- 
loops. ALASKA: Fairbanks. YUKON: Dawson. 
MACKENZIE District: Reindeer Depot. AL- 
BERTA: Lethbridge, McMurray. SASKATCHE- 
WAN: Great Deer, White Fox, Oxbow. MaAnl- 
TOBA: Baldur. We have studied about 100 
males and 160 females. 
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ABSTRACT 


Food habits and habitat preferences of these mites are 
summarized, and their means of dispersal discussed. 


Many details are known about the habits and 
habitats of larger animals. We are also aware of 
the involved effects of specific biological and 
physical factors within the environments. The 
known ecology of such microscopic organisms as 
oribatid mites, however, is possibly without equal 
with respect to the lack of information and specific 
details. Assumedly, the same general factors 
that affect the larger forms operate in the micro- 
environment of these mites, although the specific 
relationships of the various factors to the latter 
remain unknown except in_ relatively few 
instances. 

Just how the factors differ in magnitude is yet 
to be determined. Undoubtedly the discovery 
of these details will result from refinements in 
the measuring and recording devices used for 
physical factors and in detailed studies of the 
micro-environment. A necessary precursor and 
adjunct to these studies also involves the solu- 
tion of problems in the taxonomy of the species. 

It is the purpose of this paper to first, present 
some of the known facts about the microcavernic- 
olous environments and their inhabitants—the 
oribatids; secondly, to make some general state- 
ments and inferences with respect to “indicator” 
species; and thirdly, to attempt to explain some 
of the problems and possible mechanisms in- 
volved in the distribution of these forms. 

Food habits represent an area of information 
where some facts are known. Essentially, the 
oribatid mites are herbivorous. They feed on all 
types of decaying piant material, fungi, algae and 
lichens. The food requirements differ for dif- 
ferent species and the state of decomposition of 
the food material consumed also varies. 

The litter and humus of the forest floor com- 
prise sources of food material. In some instances 
the material is rough and coarse and consumed 
by certain species; in other situations the material 
must be composed of smaller pieces in order to be 
ingested. 

Hermannia appears to feed on woody tissue, 
fungal hyphae, and the rougher leaf material, but 
only when the latter is moist. These substances 
are chewed, or chopped by the heavy chelicerae. 
Wallwork (1958) found these mites also feeding 
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on dead bodies of their fell’ 5s. This saprozoic 
nutrition was observed in ‘mannia convexa 
and in one other species (Peloribates sp.) that he 
studied. 

Scheloribates pallidula seems to feed more on 
fungal hyphae than on leaf material; these mites 
appear to be associates and possibly commensals 
of wood-boring mites and insects. It is possible 
that they consume woody materials and frass. 
The writer and Wallwork (l.c.) observed this mite 
in tunnels of wood-boring forms. Wallwork 
noticed that food particles that collected on the 
hairs of the legs of this mite were passed forward 
by the mite to anterior legs in succession until 
the particles were finally handled by the palps 
and macerated by the chelicerae. 

Achipteria sp. appears to feed on leaf epidermis 
and moss stems. The nymphs are _ possibly 
coprophagous. 

Peloribates sp., one of the haplozetid mites, feeds 
on organic material that is in an advanced state of 
decay, according to Wallwork (l.c.). 

The box mites or the phthiracarids seem to be 
principally xylophagous. They have rough, stout, 
serrated chelicerae with which to handle tough 
plant tissues. Both the nymphs and adults are 
inhabitants of the litter and Jacot (1939) indi- 
cates that they hollow out pine needles. They 
also burrow in twigs, where the writer has ob- 
served them in tunnels excavated by their 
cheliceral activities. 

Mesoplophora, a phthiracaroid, seems to eat 
shredded woody elements, decaying woody ma- 
terial, and some fungal spores. 

Small twigs, punk, bark, and rotted logs con- 
tain the burrowers of the oribatids. Nymphs 
and adults of Cymberemaeus inhabit the surface of 
the scaly twigs of pines and spruces, playing 
“possum”? when disturbed and hardly distin- 
guishable from the plant scales, except in move- 
ment. Wallwork (1958) found nymphs of Her- 
mannia in the lenticels of yellow birch twigs, 
where they fed on the dark material of the 
lenticels themselves. The absence of the nymphs 
from the lenticels except at certain times and 
their feeding habits in the burrows of the adults 
seemed to indicate they were coprophagous. 

Hoplophora magna and Pseudotritia sp. are 
definitely burrowers in twigs, where they chisel 
out complex tunnels in the heart wood and 
beneath the bark (Wallwork, l.c.). They parallel 
in part the work of the bark beetles. Rohde 





252 


(1955) found that nymphs of Pseudotritia re- 
quired a fecal meal for survival and maturation, 
which implies that these organisms may be 
similar to the termites in their biological relation- 
ships and may constitute another striking example 
of mutualism in animals. 

Cepheus sp. is fairly common in punky wood and 
in association with galleries of other burrowing 
forms. The nymphs are camouflaged and possess 
elaborate spiny plates and shields on their backs. 
These spines and shields are actually the exuviae 
of preceding stages, piled one on top of the other 
as the nymph grows. 

One of the tiniest of oribatid mites, Oppia, 
appears to be coprophagous in woody situations 
(Waliwork 1958). It might have other feeding 
habits in other types of environment, however, 
because the writer has found this is also an 
inhabitant of pasture and grassy sod, where one 
would expect little woody tissue. 

Rotting wood, punk, and moss-covered stumps 
constitute the general location for Cepheus, Tenui- 
ala, Nothrus and Camisia. It appears also that 
altitude affects the distribution of some of these 
mites, although more data are needed to verify 
this conclusion. 

In the strict environment where the 
vegetation may be sparse the hypochthontid 
Eniochthonius (Hypochthoniella) appears to feed 
on finer organic particles and occasionally on 
fungal spores. Tectocepheus velatus probably 
subsists on finer particles also, but Wallwork 
(1958) watched this species for a long time without 
observing or determining its specific food 
requirements. 

Others in the pasture sod about which state- 
ments have already been made regarding food 
habits are Scheloribates and Oppia. Pseudotritia 
ardua and P. loricata also occur in pasture soil. 
The noticeably ‘‘winged’ mites of the genus 
Galumna are fewer in this type of environment 
than the oribatulids such as Scheloribates, Ori- 
batula or Zygoribatula, and information on their 
food habits is lacking. Epilohmannia is another 
“rare” inhabitant of this environment. 


Large numbers of Malaconothrus sp. have been 
found in moss chopped out of the icy banks of 
the Cache la Poudre River near Bellvue, Colorado. 
The populations of these mites seem to be much 
greater during the winter than at other seasons; 
the nymphs are more abundant than adults, which 
general findings agree with those of Wallwork 
(1958) for Michigan. 

Obviously, temperature, food requirements, 
moisture, soil texture needs, and other influences 
of these mites differ. In addition the mites 
themselves play relatively different roles in the 
attack and decomposition of the litter and humus. 

If any species can be called an ‘‘indicator”’ 
species, Tectocepheus velatus qualifies. This or- 
ganism is ubiquitous in samples, although the 


soil 
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number of specimens may vary. It is most 
common in sandy soil, sandy humus, or sandy 
moss. 

Species of Eremaeus occur elsewhere, but are 
most common in dry, sandy habitats. In a 
relict pinion pine grove in northern Colorado, 
they are abundant in the very dry, light, sandy 
duff beneath the pines—a situation where one 
perhaps would not expect to find many mites. 
Cymberemaeus is found here also. 

The montane passes, peaks, the tundra and 
moss of areas 8-10,000 feet show relatively large 
numbers of Camisia biverrucata and Nothrus sp. 
as well as haplozetids and carabodids. 

It is impossible in a short paper to discuss all 
of the facets of oribatid ecology, but these details 
may help to give a picture of some of the interest- 
ing aspects. 

One obvious question that arises respecting 
these mites is their means of dispersal. In con- 
clusion, therefore, some possible explanations are 
presented. 

Distributional data may be lacking because of 
faulty or incomplete collecting techniques. Per- 
haps one misses specific microhabitats of some 
mites in his collecting. The palaeacarid Acarony- 
chus traghardi was collected by the writer near 
Idaho Springs, Colorado, in very wet moss. 
Jacot collected it in North Carolina, and the 
writer has a few specimens from Yangambi, 
Belgian Congo. Cymeremaeids are known from 
Maryland, Colorado, California, and Oregon 
In between the collection areas of both of these 
species there exists a void of information on them. 
Similar records exist for Epilohmannia. This 
absence of information on the distribution of 
these various mites the writer attributes to in- 
complete collecting. 

Some European species are found in the United 
States; still other species seem to be indigenous 
to this country, and the question naturally arises, 
‘‘How are these mites distributed ?” 

Wind is the first possible means. Freeman 
(1946) found mites at 300 feet in the air, Glick 
(1939) picked them up at 3,000 ft. Gislen (1948) 
showed that mites may remain suspended in air 
for several days. Dalenius (1958) demonstrated 
that oribatids survive drought and low tempera- 
tures, and indicated that some species were 
transported in the air, but discounted the pos- 
sibility of their being transported freely in the air 
over long distances. 

Jacot (1934) also doubted that oribatids could 
be transported over large bodies of water, and 
was extremely doubtful of extracontinental dis- 
tribution by wind alone. 

Water also has been postulated as a means of 
oribatid distribution. André (1947) assumed 
that these mites were carried in moss and lichens 
on floating wood. The agency of flotsam of this 
type, in which tunneling forms might be found, 
was discounted as a means by Jacot (1934) as 





1960| Woolley: 
‘“tarm-chair, fireside romanticism’? because of the 
pounding, grinding action of the surf. 

The most probable explanations for distributive 
means involve animals. Ethnological evidence 
seems to indicate a good possibility in man him- 
self, whose transportation of plants, shrubs, fetish 
material, and wood from one land area to another, 
provides a rather logical explanation, since these 
organisms are soil and wood inhabitants. 

The most generally accepted possibility is the 
means attributed to birds, whose migratory 
habits have definitely been correlated with the 
distribution of mosses (personal communication 
with Dr. Persson, Bryologist, Stockholm). Ori- 
batids are ‘“‘moss mites” and logically might be 
transported in this fashion. Dalenius (1958) also 
indicates that nest material of birds and _ soil 
adhering to the feet and feathers might contain 
eggs and nymphs, possibly even adults, and that 
these forms became dispersed by avian carriers 
in their migratory flights. 

In all the aspects of biology, ecology, and 
distribution of the oribatids we need to know 
more. One discovery is certain, however, and 
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that is the never-ending, amazing details that a 
study of these tiny creatures reveals. 


REFERENCES CITED 


André, M. 1947. Acariens. Mém. Mus. 
Nat. Paris (N.S.) 20(1): 65-100. 

Dalenius, P., and O. Wilson. 1958. On the soil fauna of 
the Antarctic and of the Sub-Antarctic islands. The 
Oribatidae (Acari). Ark. Zool. (2) 11(23): 393-425. 

Freeman, J. A. 1945. Studies in the distribution of 
insects by aerial currents. Jour. Anim. Ecol. 14: 
128-54. 

1946. The distribution of spiders and mites up to 300 
ft.in the air. Ibid. 15:69-74. 

Gislen, T. 1948. Aerial plankton and its conditions of 
life. Biol. Rev. 23: 109-26. 

Glick, P. A. 1939. The distribution of insects, spiders 
and mites in the air. U.S. Dept. Agric. Tech. Bull. 
673. 150 pp. 

Jacot, A. P. 1934. Some Hawaiian Oribatoidea (Acarina) 
Bull. Bernice P. Bishop Mus. 121: 1-99. 

1939. Reduction of spruce and fir litter by minute 
animals. Jour. Forestry 37: 858-60. 

Rohde, C. J. 1955. Studies on arthropods from a moss 
habitat with special emphasis on the life history of 
three oribatoid mites. Doctoral dissertation, North- 
western University Libraries. 84 pp. 

Wallwork, J.A. 1958. Notes on the feeding behaviour of 
some forest soil Acarina. Oikos 9(2): 260-71 


Natl. Hist 


THE GENUS TRYPETA MEIGEN IN AMERICA NORTH OF MEXICO 
(DIPTERA, TEPHRITIDAE)' 


RICHARD H. 


FOOTE 


Entomology Research Division, U. S. Department of Agriculture, Washington, D. C 


ABSTRACT 


The genus is redefined in the light of characters present 
in the Palaearctic type species, 7. artemisiae (F.), and 
seven North American species are described or redescribed. 
One, 7. angustigena, from California, is new, and four are 
newly transferred to Trypeta. These are: 7. fractura 
(Coq.), 7. inaequalis (Coq.), and 7. maculosa (Coq.) 
(=Zonosema Dubia Johns., new synonymy) from 


The North American species of Trypeta Meigen 
have never been reviewed in the light of the 
taxonomic characters present in the type of the 
genus, artemisiae (F.). The species are only 
briefly treated in the North American literature 
and are poorly represented in tephritid collections. 
The present paper is intended to bring together 
and discuss the New World congeners of arte- 
misiae (F.), and to discuss the application of the 
géneric name. 

In 1803 Meigen associated four names with his 
genus Trypeta as follows, “‘arnicae, cerasi, urticae, 
artemisiae F., etc.”” In 1870 Musca arctii DeGeer, 
now considered to be a synonym of Musca tus- 
silaginis Fabricius, was designated by Rondani 
(1870) as the type of Trypeta, and Collin (1937), 
following the commonly held assumption that 


‘Accepted for publication August 14, 1959 


Spilographa Loew, and 7. sigma (Phillips) from Acidia 
R.-D. Two of the ten North American species previously 
described in 7rypeta remain in the genus, namely 7 
tortile Coq. and T. flaveola Coq. The author discusses 
the application of the senior synonym Euribia Meigen 
1800, the suppression of which is pending 


tussilaginis was included by the “‘etc.”’ in Meigen’s 
description, urged that Rondani’s action be uni- 
versally accepted. Because tussilaginis was not 
one of the original species actually named by 
Meigen, Rondani’s designation is, of course, 
invalid. Coquillett (1910, p. 618) clearly desig- 
nates artemisiae, the fourth and last-named of 
the originally included species, as type of Try- 
peta. I can find no earlier justifiable designation, 
and therefore accept Coquillett’s fixation. 

In 1914 Enderlein attempted to show that 
Musca cerasi Linnaeus, the second species named 
by Meigen (1803), is the type of Trypeta by 
elimination. However, not only did Enderlein 
err in trying to eliminate artemisiae from Trypeta, 
but type fixation by elimination has long been 
rejected as a working principle in our code of 
nomenclature 
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More than 100 years after the original descrip- 
tion of Trypeta was published, the well-known 
‘‘Meigen 1800”? names became a center of con- 
troversy when Hendel (1908) applied the names 
in strict priority, thus involving Euribia, which 
he considered to be the same genus as 7rypeta 
Meigen, 1803. The name Euribia was proposed 
without included species; Latreille (1802), the 
first author known to mention any species in con- 
nection with it, named Musca umbellatarum 
Fabricius and Musca cardui Linnaeus as “‘ex- 
amples.”’ The former name has been transferred 
to the Pallopteridae (see Becker, 1905); it has 
never been considered for the type of Euribia, as 
far as I am aware. M. cardui, the only other 
available name, was clearly and unambiguously 
stated to be the type of Euribia by Hendel, but 
not until 1927 with the publication of the Try- 
petidae in “Die Fliegen der palaarktischen 
Region.” 

The fact now emerges that, even if Meigen’s 
intention were to change the name Euribia to 
Trypeta, as originally assumed by Hendel (1908), 
and by Stone (1941) and others, the former cannot 
be considered a senior synonym under the present 
rules because of Latreille’s associated species 
names, from which the type must be (and was) 
chosen. It would be necessary, then, to accept 
Hendel’s (1927) use of the name Euribia for 
cardui and its congeners, now known collectively 
by many authors as lrophora. However, by 
action now under consideration, the International 
Commission of Zoological Nomenclature, which 
favors suppression of the Meigen 1800 paper as 
advocated in an excellent summary by Sabrosky 
(1952), may soon cause the entire question of 
Euribia to become a purely academic one. 

Hendel (1927) notes further that Forellia 
onorpordi Robineau-Desvoidy, which was fixed as 
type of Forellia by Rondani (1870, p. 7), is not 
the same as Trypeta artemisiae (F.). Hence 
Forellia R.-D. is not asynonym of Euribia Meigen, 
1800 (and by synonymy, Trypeta Meigen, 1803), 
as maintained by Coquillett (1910, p. 545) and 
suggested by Phillips (1923, p. 129). 

Until 1873 most of the trivial names of the 
North American Tephritidae appeared in com- 
bination with the generic designation Trypeta. 
In the first major revision of the Nearctic mem- 
bers of the family, Loew. (1873) assigned a large 
proportion of these names to other genera, many 
of which he described as new and more than a 
few of which stand today. Osten Sacken (1878) 
treated all of Loew’s genera as subgenera of 
Trypeta, but since that time most of Loew’s names 
have attained full generic rank. Thus, the genus 
Trypeta was gradually restricted to only two of 
the then known 61 American species. By 1905, 
however, several additional species not known to 
Loew had been described in the genus. 

The following list includes all the trivial names 
of species now known to occur in North America 


Annals of the Entomological Society of America 


|Vol. 53 


that were associated with the generic name 
Trypeta at the time of and since the publication 
of the most recent catalog of North American 
Diptera (Aldrich, 1905). The present accepted 
generic status of each is also given; names marked 
by an asterisk (*) are discussed further in this 
paper. 


baccharis Coq.=Eutreta baccharis (Coq. 
*flaveola Coq.=Trypeta 

gibba Lw.=Callachna gibba (Lw.) 

notata Coq.=Aciurina notata (Coq. ) 
occidentalis Snow =Orellia occidentalis (Snow 
palposa Lw.=Orellia palposa (Lw. 

ruficauda F.=Orellia ruficauda (F.) 

stelligera Coq.=Euaresta bellula Snow 
straminea Doane =Orellia occidentalis (Snow 
*tortile Coq.=Trypeta 

varipennis Coq.= Paraterellia varipennis (Coq. 


I wish to record my gratitude to C. W. Sabrosky 
for making his collections available for study 


Genus Trypeta Meigen 

Trypeta Meigen 1803, Mag. f. Insektenk. 2: 277 [four in 
included species; type species= Musca artemisiae 
Fabricius, the fourth species, by designation of 
Coquillett 1910, p. 618]; Loew 1862, Smithsonian 
Mise. Coll. 6(1): 50; Osten Sacken (p.p.) 1877, Bull 
U. S. Geol. & Geogr. Surv. 3(2): 344; Osten Sacken 
(p.p.) 1878, Smithsonian Mise. Coll. 11(270): 188; 
Williston (p.p.) 1896, Man. Fam. Gen. North American 
Dipt. (2nd Ed.), pp. 120, 121; Coquillett (p.p.) 1899, 
Jour. New York Ent. Soc. 7: 259, 268; Aldrich (p.p 
1905, Smithsonian Misc. Coll. 46(1444): 604; Williston 
(p.p.) 1908, Man. North American Dipt. (3rd ed.), 
pp. 283, 286; Cresson 1914, Ent. News 25: 276, 279; 
Johnson, 1925, Occas. Pap. Boston Soc. Nat. Hist. 7: 
261. 

Spilographa Loew 1862, Monogr. Trypetidae, p. 39; 
Aldrich (p.p.) 1905, Smithsonian Misc. Coll. 46(1444): 
604; Coquillett 1910, Proc. U. S. Natl. Mus. 37(1719 
607. 

Acidia R.-D., Aldrich (p.p.) 
Coll. 46(1444): 603; Phillips 
York Ent. Soc. 31: 128. 


Mise 
New 


Smithsonian 
1923, Jour. 


1905, 
‘p-P 


DiacGNosis.—Head yellow, all head hairs black, 
slender; three pairs lower fronto-orbitals; two 
pairs upper fronto-orbitals situated definitely in- 
side a line through lower fronto-orbitals and 
themselves in line with antennal bases; posterior 
upper fronto-orbitals reclinate, not convergent; 
at least anterior half of front covered with short, 
very slender setae; face in profile without a dis- 
tinct concavity, usually receding, sometimes 
markedly so; anterior oral margin not produced; 
antennae never more than 0.8 times as long as 
face, third antennal segment rounded apically 
Thorax yellow or yellow-brown, without dark 
brown markings; scutellum concolorous; humerals 
and supra-alars present ; dorsocentrals slight], 
ahead of, in line with, or slightly behind a line 
through anterior supra-alars, but definitely closer 
to that line than to transverse suture or to a line 
through acrosticals; two pairs scutellars; meso- 
notal disc lightly dusted, covered with numerous 
fine, black hairs; four scutellars present. Wing 
hyaline with distinct brown bands and spots; 
vein R; with short, black setae to vein r-m or 
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Profiles of heads of Trypeta species. Fig. 1, sigma 
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fig. 2, tortile Coq.; fig. 3, maculosa(Coq. 


fig. 4, fractura (Coq.); fig. 5, angustigena, n. sp.; fig. 6, inaequalis (Coq.); fig. 7, flaveola Coq. 


beyond; vein r-m usually at or near middle of 
discal cell; lower half of apex of anal cell gradually 
narrowed to a distinct point distally, the narrowed 
portion not expanded before tip. Legs yellow or 
vellow-brown, the terminal tarsal segments 
slightly darker than basal ones. Abdomen brown 
or yellow brown, without dark markings; ter- 
ga 1 through 5 with rather long but fine black 
hairs and terga 2 through 5 with longer heavier 
black marginal setae. Ovipositor sheath never 
longer than twice length of terminal abdominal 
segment 

The genus as discussed herein is entirely 
Holarctic as far as known, although one or more 
of the five Mexican species of Spilographa de- 
scribed by van der Wulp (1899) and mentioned 
by Aczél (1951) may belong in it. Lack of 
specimens precludes their treatment in the 
present paper. Only one species, sigma (Phillips), 
is restricted to eastern North America. 

The genus Trypeta belongs to the subfamily 
Trypetinae, tribe Trypetini, as outlined by 
Hering (1947). The tribe has been divided into 
two parts based on the position of the dorso- 
centrals—Hering’s Group I contains those genera 
in which the dorsocentrals are in the vicinity of 
the acrosticals, and his Group II those with the 
dorsocentrals nearly in line with the anterior 
supra-alars. From the genera in the latter 
division, species of Trypeta are distinguished by 
having all body hairs dark brown to black, two 
pairs of upper fronto-orbitals, one pair of pre- 
suturals, the mesonotum entirely without dark 


brown markings, the oral riargin laterally without 
heavy bristles, the apex of the third antennal seg- 
ment rounded, and vein r-m usually situated at 
about the midpoint of cell Ist My. Chaetostoma 
Rondani would at first glance be taken for 
Trypeta but for the group of strong, dark setae at 
the antero-lateral corners of the oral opening. 
Euleia Walker is also closely related, with some- 
what similar wing markings, but in its species 
vein r-m is distinctly closer to vein m (measured 
along vein M,,2) than the length of vein m itself 
and very much apicad of the center of cell Ist Me 

The wing pattern of all species possesses a 
brown S-shaped band of varying width which 
occupies most of the wing disc. This band is 
complete only in sigma (fig. 8) and, although it 
is broken by hyaline areas of varying extent in 
the other species, its general course is clearl\ 
evident in all members of the genus. 

The head in profile is rather remarkable among 
closely related genera in that the face in most 
species recedes markedly and the posteroventral 
region is swollen, giving the general appearance 
of skewness in a line from the posteroventral 
margin to the antennal bases (figs. 1-7). 

I have redescribed only the head and wing of 
each species, since they contain the most easily 
accessible recognition characters. Slide-mounted 
ovipositors and male genitalia often exhibit dif- 
ferences of diagnostic value in other fruit fly 
genera, but in 7rypeta no such characters could 
be found in the small series of each species 
available for study 
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Except in the few cases noted, all specimens 
upon which this study is based are in the U. S. 
National Museum. The location of each holo- 
type is specifically mentioned 


KEY TO MALES AND FEMALES OF 7R YPETA 
SPECIES IN NORTH AMERICA 


Transverse bands crossing veins r-m and m broadly 
joined in apical half of cell Cu, (figs. 8, 9) 2 
The band or dark spot lying upon vein m and that 
lying on vein M;,Cu,; never joined in apical half 
of cell Cu, (figs. 10-14) 3 
Wing with an unbroken S-shaped mark lying at the 
wing apex and over veins r-m and m (fig. 8) 
sigma (Phillips) 
Either the band lying upon vein r-m broken, or band 
crossing vein m not joined at costal margin with 
spot at wing tip (fig. 9), or S-band broken in both 
places tortile Cog 
In profile, face meeting frons at an angle of 90 de- 
grees or less at antennal bases; face strongly 
receding; posteroventral portion of head markedly 
swollen (figs. 3, 4) 4 
In profile, face never meeting frons at an angle of 
less than 90 degrees; face not so strongly receding 
nor posteroventral portion of head so strongly 
swollen (figs. 5-7) 5 
An unbroken band from stigma across vein r-m and 
continuing into apical third of cell Cu;; distance 
between veins r-m and m measured along vein 
M,.2 more than twice as long as vein m (fig. 10) 
maculosa (Coq.) 
An unbroken band from stigma to cell Ist A; dis- 
tance between veins r-m and m measured along 
vein M;.» not more than 1.2 times as long as vein 
m (fig. 11) fractura (Coq.) 
In profile, distance between anteroventral margin 
of eye and face less than one-half the width of 
third antennal segment (fig. 5). . angustigena, n. sp. 
In profile, distance between anteroventral margin 
of eye and face about equal to width of third an- 
tennal segment (figs. 6, 7) 6 
In profile, at most the ventral half of ridge between 
antennal fossae visible; anterior margin of face 
receding and at a distinct angle to vertical axis 
of eye (fig. 6) inaequalis (Coq.) 
In profile, ridge between antennal fossae visible 
for most of its length and its anterior margin 
parallel with vertical axis of eve (fig. 7) 
flaveola Coq. 


Trypeta sigma (Phillips), new combination 
(Figs. 1, 8) 
Acidia sigma Phillips 1923, Jour. New York Ent. Soc. 31: 

129; pl. 18, fig. 12. 

HEAD (fig. 1) in profile higher than long; cheek 
directly below lowest point of eye 0.30 to 0.33 
times as high as eye; frons parallel-sided, about 
1.2 times as long as width of vertex and about 
equal to width of one eye at vertex; frons in pro- 
file moderately flat and forming an angle of about 
120 degrees with face at antennal bases; face 
receding to oral margin; genal bristle in line with 
posterior margin of eye; head swollen postero- 
ventrally; antenna 0.6 times as long as face; 
antennal fossa shallow. 

WING PATTERN (fig. 8) consisting of a con- 
tinuous S-shaped band which starts on posterior 
wing margin well behind apex of vein Mhy4, 
continues around tip of wing to point on costal 
margin about halfway between apices of veins 
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R,; and Re,3, covering vein m and continuing to 
posterior margin, then turning anteriorly and 
continuing over vein r-m, through stigma, and 
ending on costal margin; in addition, light yel- 
lowish color in cells Ist C and 2nd C, basal 
halves of cells R and Ist Moe, extreme bases of 
cells R; and R;, and most of cells M and Ist A: 
hyaline area in cells Ri, Rs, and 2nd Me about 
as wide as apical brown area. Narrowed exten- 
sion of cell Ist A broadly triangular; proportions 
of width to length of stigma as 4:10; anterior ex- 
tension of vein r-m intersecting apex of stigma; 
distance between veins r-m and m along vein 
Mise 1.3 to 1.4 times as long as vein m. 

DisTRIBUTION.—Pennsylvania, Maryland. 

MATERIAL EXAMINED.—Female holotype with 
the following labels: ‘‘nr. Plummers Isl., Md., 
20.6.16,”" “R. C. Shannon, Coll.,’’ “‘Acidia sigma 
Tarris, 2,’’ and [in red] ‘“‘Holotype, Cornell U.,”’ 
in the Cornell University collection. PENNSYL- 
VANIA: 19, Pittsburgh, 14.VIII (Carnegie Mu- 
seum, Pittsburgh, Pa.). 

Discussion.—T. sigma is easily distinguished 
from all North American tephritids by the un- 
broken S-shaped band covering a large portion 
of the wing disk. It is the only species of the 
genus restricted to eastern North America 


Trypeta tortile Coquillett 
(Figs. 2, 9) 
Trypeta (Acidia) tortile Coquillett 1894, Canadian Ent 
26: 71. 

Acidia tortilis: Aldrich 

46 (1444): 603. 
Phorellia tortilis: Phillips 1923, 

Soc. 31: 130; pl. 18, fig. 13. 


1905, Smithsonian Misc. Coll 


Jour. New York Ent 


HEAD (fig. 2) in profile rounded, higher than 
long; cheek directly below lowest point of eve 0.18 
to 0.20 times as high as eye; frons parallel-sided, 
about 1.3 times as long as width at vertex, 1.1 
times as wide as one eye at vertex; frons in pro- 
file rather tumid, especially anteriorly, not meet- 
ing face at a distinct angle at antennal bases; 
face distinctly receding, not projecting anteriorly 
at oral margin; genal bristle situated behind 
center of eve; head swollen posteroventrally; 
antenna about 0.75 times as long as face; antennal 
fossa shallow. 

WING PATTERN (fig. 9) somewhat similar to 
that of sigma (fig. 8) but S-band broken com- 
pletely either at costal margin near apex of cell 
Rj, or in center of cell Ist Me, or at both positions; 
apex of cell Ist A with a dark spot and a faint 
brown band from that point to junction of veins 
Re,; and R4,;; hyaline area in cells Ri, Rs, and 
R; and 2nd Mz wider than apical dark band; 
dark bands over veins r-m and m much narrower 
than length of stigma. Narrowed extension of 
cell Ist A forming a narrower triangle than that 
of sigma; proportions of width to length of stigma 
as 4:9; anterior extension of vein r-m intersecting 
apex of stigma; distance between veins r-m and 
m along vein Mj,» 1.4 times as long as vein m 
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DisTRIBUTION..-Known from Michigan and 
New Mexico and from the type locality, which 
Coquillett (1894) says is the State of Washington. 

MATERIAL EXAMINED.—Female holotype with 
the following labels: ‘‘Was.” [in red], ‘Type 
No. 9834, U.S.N.M.,” “Trypeta tortile Coq.,”’ 
and ‘‘Spilographa tortile Coq.,”’ in the U. S. 
National Museum. MICHIGAN: Io, 3-7.VIII 
36 (Sabrosky). New Mexico: 10’, 192, Rio 
Ruidoso, White Mts., about 6500 ft. alt., 9.28, 
Coll. Towsend. 

Discussion.—-The species may be easily con- 
fused with sigma, but tortile has a much narrower 
cheek below the eye, its stigma is broader, the 
S-band is always broken as described above, and 
the vellowish infusion of the basal-most cells is 
much less noticeable. 


Trypeta maculosa (Coquillett), new combination 
(Figs. 3, 10) 

Spilographa maculosa Coquillett 1899, Jour. New York 
Ent. Soc. 7: 261; Aldrich 1905, Smithsonian Misc. 
Coll. 46(1444): 604. 

Zonosema dubia Johnson 1903, Trans. Amer. Ent. Soc. 
29: 102, fig.; Cresson 1920, Ent. News 31: 66; ibid., 
p. 106; Cresson 1929, Trans. Amer. Ent. Soc. 55: 403 
NEW SYNONYMY. 

Spilographa dubia: Aldrich 1905, Smithsonian Misc 

Coll. 46(1444): 604 


HEAD (fig. 3) in profile as long as high, obliquely 
elongated by the large posteroventral swelling; 
cheek directly below lowest point of eye 0.18 to 
0.20 times as high as eye; frons narrowing slightly 
anteriorly, 1.2 to 1.3 times as long as width at 
vertex, 1.2 times as wide as one eve at vertex; 
frons in profile moderately flat and forming an 
angle of about 90 degrees with face at antennal 
bases; face receding noticeably to oral margin; 
genal bristle situated behind posterior margin of 
eye; antenna 0.75 to 0.80 times as long as face; 
antennal fossa shallow. 

WING PATTERN (fig. 10) consisting of the fol- 
lowing brown areas: an apical spot extending 
from immediately behind apex of vein My,» to 
apex of vein Re,;, sometimes joined to a small 
spot in apex of cell R,; a spot in center of cell R; 
extending from costa to vein Roe.3, sometimes 
slightly beyond; an elongated area from posterior 
margin of wing to or slightly beyond vein Mj,» 
and covering vein m; an unbroken band of vari- 
able width from stigma posteriorly to a point 
well inside cell Cu; and covering vein m; a narrow 
but distinct band from apex of cell 2nd A to 
junction of veins Rei; and R,y,;. Narrowed 
extension of cell Ist A rather broad at base; 
proportions of width to length of stigma as 3:7; 


EXPLANATION OF PLATE 


Dorsal views, right wing, of Trypeta species 

Fig. 8, sigma (Phillips); fig. 9, tortiJe Coq.; 

Fig. 10, maculosa (Coq.); 

Fig. 11, fractura (Coq.); fig. 12, angustigena, n. sp.; 
Fig. 13, inaequalis (Coq.); fig. 14, flaveola Coq 
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anterior extension of vein r-m intersecting apex 
of stigma; distance between veins r-m and m 
along vein M,,»2 1.9 to 2.0 times as long as vein m. 

DIsTRIBUTION.—Colorado, New Mexico. 

MATERIAL EXAMINED.—Type male (of macu- 
losa) with the following labels: ‘‘Col.,’”’ [in red] 
“Type No. 4399, U.S.N.M.,” and “Spilographa 
maculosa Coq.,”’ in the U. S. National Museum. 
Type male (of dubia) with the following labels: 
“Beulah, N. Mex., 8/17, Skinner,” and [in red] 
“Type, Zonosema dubia Johnson, 6168,” in the 
collection of the Academy of Natural Sciences of 
Philadelphia. CoLoRADO: 19, Veta Pass, 1.7; 
12 no additional data. 

DiscussIon.—In contrast to sigma and tortile, 
maculosa and the following species of Trypeta 
possess widely broken S-bands. 7. maculosa is 
the only species with an unbroken brown band 
passing from the costa through the stigma and 
extending well into cell Cu;. The unbroken 


character of this band will serve to separate it 
from fractura (Coq.), the only other species with 
a markedly receding face. 


Trypeta fractura (Coquillett), new combination 
(Figs. 4, 11) 

Spilographa fractura Coquillett 1902, Proc. U.S. Natl. 
Mus. 25(1280): 125; Aldrich 1905, Smithsonian Misc 
Coll. 46(1444): 604. 

HEAD (fig. 4) in profile about as long as high; 
cheek directly below lowest point of eye about 
0.6 times as high as eye; frons parallel-sided, 1.5 
to 1.7 times as wide as one eye at vertex; frons 
in profile flat, forming an angle of less than 90 
degrees with face at antennal bases; face strongly 
receding to oral margin; genal bristle situated 
behind posterior margin of eye; posteroventral 
portion of head strongly swollen; antenna 0.5 
times as long as face; antennal fossa shallow. 

WING PATTERN (fig. 11) much as in maculosa 
(fig. 10) but with a tendency for brown areas to be 
less distinctly margined; apical brown area start- 
ing well posterior to vein Mj42 and filling apical 
third of cell R;, more extensive than that in 
maculosa, continuing well into cell R3, and with 
a suggestion of a brown area in cell R; connecting 
it with the brown area lying upon vein m; apical 
third to fourth of cell Cu, filled with a light 
brown, indistinctly margined spot; vein r-m 
covered with a small, rounded spot; a narrow 
brown band from apex of cell Ist A to junction 
of veins Re,; and R4,;, this appears to be con- 
nected to stigma by darkened areas in bases of 
cells R; and R3. Narrowed triangular extension 
of cell 1st A with sides nearly parallel at base and 
vein Cuz with a distinct curvature at its junction 
with vein 2nd A; proportions of width to length 
of stigma as 4:11; anterior extension of vein r-m 
intersecting costa distinctly distad of apex of 
stigma; distance between veins r-m and m along 
vein Mj,. 1.1 times as long as vein m, vein r-m 
thus situated distad of the center of cell Ist My. 
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DISTRIBUTION.—Arizona, New Mexico. 

MATERIAL EXAMINED.—Type male with the 
following labels: ‘‘Coll. Towsend,” ‘‘S. Fork 
Eagle Creek, about 8000’,” “White Mts., N. 
Mex.,”’ “‘Spilographa fractura Cogq.,’”’ and [in red] 
“Type No. 6262, U.S.N.M.,” in the U. S. Na- 
tional Museum. ARIZONA: 1c’, Mt. Graham, 
27.VII1.37 (Ball). NEw Mexico: 40’, 29 9, 
same data as type; 192, top of Las Vegas Range, 
June 28 (CkIl.). 

Discussion.—T. fractura and maculosa are the 
only species in the genus with the face so markedly 
receding that it meets the frons at an angle of 90 
degrees or less at the antennal base. T. fractura 
is easily distinguished by the brown stigmal band, 
which is directed to the apex of cell Ist A rather 
than to the center of cell Cu; as in maculosa. 
In addition, the cheek directly below the eye of 
fractura is much wider than in maculosa. 


Trypeta angustigena, new species 
(Figs. 5, 12) 

HEAD (fig. 5) in profile higher than long; cheek 
directly below lowest point of eye 0.18 to 0.20 
times as high as eye; frons parallel-sided, 1.3 
times as long as width at apex, 1.4 to 1.5 times 
as wide as one eye at vertex; frons in profile 
rather flat, not forming a definite angle with face 
at antennal bases; face receding to oral margin; 
genal bristle in line with posterior margin of eye 
or slightly behind; antenna about 0.8 times as 
long as face; antennal fossa shallow. 

WING PATTERN (fig. 12) similar to that of 
inaequalis (fig. 13); apical brown spot commencing 
immediately posterior to vein My42, with an 
irregular shape to inner margin, usually joining 
spot at center of cell R; along costal margin; 
spot at center of cell R; extending well into ceil 
R;; spot covering vein m rather wide and tending 
to continue in a much lighter brown color well 
into cell R;; apical fourth of cell Cu; with an 
almost imperceptible light brown area; a small, 
rounded spot covering vein r-m and _ lightly 
joined by narrow dark areas in cells R; and R; to 
stigma, which is brown; apex of cell Ist A and 
junction of veins Rey; and Ry,; each with small, 
dark brown areas and an uninterrupted narrow 
band extending between them; basal half of cell 
R with a light brown area; center of vein M;+Cu; 
without any sign of dark spot. Narrowed exten- 
sion of cell Ist A narrowly triangular; proportions 
of width to length of stigma as 1:4; anterior ex- 
tension of vein r-m intersecting stigma at apical 
two-thirds; distance between veins r-m and m 
along vein M42 1.2 times as long as vein m. 

DisTRIBUTION.—Berkeley, Palo Alto, and San 
Simeon, California. 

MATERIAL EXAMINED.—Holotype female, San 
Simeon, Calif., 25.1X.38, M. Cazier, Type No. 
64720, U. S. National Museum. Paratypes (all 
California): 2000, 29 9, Berkeley, 28.1V.24, 
ex Senecio mikanioides, W. W. Jones; 12, 
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Berkeley, ex Artemisia heterophylla; 12, Palo 
Alto, 3.1V.06. 

Discussion.— 7. angustigena closely resembles 
inaequalis (Coq.), from which it may be separated 
by the more proximal position of vein r-m, the 
very narrow cheek at the anteroventral margin 
of the eye, and the greater sweiling of the pos- 
teroventral portion of the head. 


Trypeta inaequalis (Coquillett), new combination 
(Figs. 6, 13) 
Spilographa inaequalis Coquillett 1904, 
tebrata Pacifica 1: 29. 


in Baker, Inver- 
HEAD (fig. 6) in profile higher than long; cheek 
directly below lowest point of eye 0.3 times as 
high as eye; frons parallel-sided, 1.2 times as 
long as width at vertex, 1.3 to 1.4 times as wide 
as width of one eye at vertex; frons in profile flat, 
forming an angle of 125 to 130 degrees with face 
at antennal bases; face receding in upper half, 
lower half more nearly parallel with vertical axis 
of eye; genal bristle in line with vertical axis of 
eye; head swollen posteroventrally; antenna about 
0.75 times as long as face; antennal fossa shallow. 
WING PATTERN (fig. 13) consisting of the fol- 
lowing dark markings: apical marking beginning 
immediately posterior to vein My.s, its inner 
margin with an irregular shape, usually separated 
by a costal hyaline area from spot in center of 
cell R,; but filling apex of cell R; whether connected 
or not; spot at center of cell R, continuing well 
into cell Rs; band covering vein m parallel-sided, 
extending into apex of cell Cu; but never joining 
other spots in that cell, anteriorly hardly exceed- 
ing vein Myj,s, leaving no sign of a connection 
across that cell with spot in center of cell Ri; a 
small rounded spot at center of vein M3+Cu;; 
narrowed basal portion of cell R; dark brown, 
this brown area contiguous with the brown 
coloration of stigma and with a narrower, lighter 
band extending from darkened junction of veins 
Ro,3; and R4y,; to apex of cell Ist A; basal half of 
cell R lightly infuscated. Narrowed extension 
of cell Ist A triangular, vein Cus with a downward 
bend at junction with vein 2nd A; proportions of 
width to le ngth of stigma as 3:11; anterior exten- 
sion of vein r-m intersecting stigma at apex; 
distance between veins r-m and m along vein 
Mi42 1.4 times as long as vein m. 
DISTRIBU TION. Wyoming, 
Nevada. 
MATERIAL 


Colorado, and 


Type female with the 
Nev., July 6, 


EXAMINED. 
following labels: “Ormsby Co., 
Baker,” [in red] “Type No. 6716, U.S.N.M.,” 
and “Spilographa inaequalis Coq.,”’ in the U. S. 
National Museum. CoLorApo: 10, Geneva 
Park, Grant Co., alt. 8500’-9500’, 23.VII.1S, 
Jackson; 10, no further data; 1c, Science Lodge, 
Boulder Co., 21.VI.39, Lenham (University of 
Colorado, Boulder); 1c”, San Francisco Canyon, 
Costilla Co., 1.VII.43, Rottger. Wyominc: 147, 
12, Gravling Creek, Yellowstone Natl. Park, 
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7280’ alt., 2.VII.40, Wible (Carnegie Museum, 
Pittebures, Pa.) 

Discussion.—Of the species seen in this study, 
inaequalis is represented by the largest number of 
specimens, although it may not prove to be the 
most widely distributed. It is very closely 
related to angustigena, n. sp., from which it may 
be separated by the more distal position of vein 
r-m, the somewhat broader stigma, the more 
distinct brown markings, and the wider genal 
area at the anteroventral margin of the eve. 


Trypeta flaveola Coquillett 
(Figs. 7, 14) 

Trypeta flaveola Coquillett 1899, in Jordan. Fur Seals and 
Fur Seal Isls. No. Pacific Ocean 4: 345; Aldrich 1905, 
Smithsonian Misc. Coll. 46(1444): 605. 

Heap (fig. 7) in profile higher than long; cheek 
directly below lowest point of eye 0.5 as high as 
frons parallel-sided, 1.1 times as long as 
width at vertex, 2.5 times as wide as width of 
one eye at vertex; frons in profile somewhat 
tumid, not forming a definite angle with face at 
antennal bases; face receding but little, nearly 
parallel with vertical axis of eye; genal bristle in 
line with posterior margin of eye; head swollen 
posteroventrally; antenna 0.85 to 0.90 times as 
long as face; antennal fossa deep. 

WING PATTERN (fig. 14) with apical dark spot 
beginning well posterior to vein M;,», continuing 
anteriorly along costa to apex of cell Ri, which it 
fills, sometimes connected by a narrow area to 
spot occupying center of cell Ri; spot in center of 
cell R, extending from costa to at least vein Roe43, 
sometimes halfway into cell Rs; no sign of con- 
nection between that spot and that lying upon 
vein m; spot lying upon vein m filling apical 
fourth of cell Cu; but never connected to a spot of 
variable size always present at middle of vein 
M3+Cu; a small spot lying upon vein r-m, never 
connected to brown area filling narrowed basal 
portion of cell R.: center of cell R with a light 
brown infuscation connected to the very darkened 
junction of veins Re,3; and R44;; apex of cell Ist A 
darkened. Narrowed extension of cell Ist A 
broadly triangular; proportions of width to 
length of stigma as 1:3; anterior extension of vein 
r-m intersecting stigma at apical two-thirds; 
distance between veins r-m and m along vein 
My. 1.4 times as long as vein m 

DIsTRIBUTION.— Known 
land and near Valdez, Alaska. 

MATERIAL EXAMINED.—Type female with the 
following labels: ‘Bering Island, July-August 
1897, L. Stejneger,” ‘“Trypeta flaveola Cogq.,” 
[in red] ““Type No. 4053, U.S.N.M.,” and “‘Spilo- 
grapha flaveola Coq.,” in the U. S. National 
Museum. ALASKA: 400, | same data as 
type; 1c’, 4 mi. west of Valdez, 24.VIII.48, 
Sailer. 

DIscusSION. 
unique in the 


eye; 


only from Bering Is- 


species is 
perpen- 


This far-northern 
genus in having a nearly 
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dicular face which in profile extends far anterior 

to the genae at the oral margin. Its wing 

markings are distinctly margined, and most of 

cell R3 and the proximal three-fourths of cell R; 

are almost completely hyaline in contrast to those 

of angustigena and inaequalis, to which it is 
closely allied 
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ABSTRACT 


The metabolism and excretion of ingested 4-c'4 
cholesterol was studied in the house fly (Musca domestica 
L.). Only low levels of excretion (2.0%-2.5%) were 
found 3 days after treatment, and about 10% of this 
behaved as acidic material. When female flies were 
treated and the eggs collected, 78% of the radioactivity 
was recovered 3 weeks after treatment. The 
recovery and low excretion rate indicate a strict 


high 


sterol 


Extensive studies on the balance and turnover 
of cholesterol have been conducted on animals 
capable of cholesterogenesis (Cook 1958, Kritchev- 
sky 1958), but little is known of the metabolic fate 
of sterols in insects, which require a dietary source 
of these compounds for growth and development 
(Albritton 1953, Brookes and Fraenkel 1958). 

The following investigations concern the econ- 
omy and metabolism of injected 4-C'-cholesterol 
in the female house fly (Musca domestica L.), 
which has been shown to lack the biochemical 
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economy in the house fly. The administered cholesterol 
was efficiently utilized in egg production. Some of the 
radioactive sterols were found to be esterified in both 
the egg and adult. Analysis by column chromatography 
and reverse isotope dilution demonstrated the presence 
of two major compounds—unchanged cholesterol and 
7-dehydrocholesterol—and a lesser fraction consisting 


of unidentified polar steroids 


mechanism for sterol biogenesis (Robbins et al 
1959). 
MATERIALS AND METHODS 


One-day-old flies from a normal strain, reared 
and maintained as previously described (Robbins 
et al. 1959), were anesthetized with carbon dioxide 
and injected in the thorax with an aqueous suspen- 
sion of 4-c'-cholesterol at the rate of one micro- 
gram per fly. The treated flies were held on a 
diet of sucrose-powdered defatted milk (1:1) which 
contained 0.01% of ‘‘slow-acting”’ sterol and only 


trace amounts of ‘“‘fast-acting’’ sterol based on 
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cholesterol and 7-dehydrocholesterol (Moore and 
Baumann 1952). This diet contains sufficient 
sterols to support reproduction (Monroe 1959). 

The two lots of 4-C'-cholesterol used in these 
studies had specific activities of 3882 and 7389 
cpm per microgram and a radio-chemical purity 
greater than 97% as détermined by column and 
paper chromatography. The aqueous suspension 
was made by adding 0.1 ml. of a N,N-dimethyl- 
formamide solution of cholesterol (1 mg./0.1 ml.) 
to 0.9 ml. of distilled water with immediate shak- 
ing. This preparation, which was found to be 
stable and nontoxic to house flies, was prepared 
just prior to use. 


Fig. 1.—Filter-paper discs attached to flies for collection 


of excreta 


Radioassays were made on weightless samples 
with a gas-flow proportional counter. All samples 
were counted in duplicate for a sufficient time to 
give a standard error of 5%. 

Two groups of 100 flies of either sex were used 
in the excretion studies. Filter-paper discs (6 
mm. diameter) were attached to the venter of 
the abdomen of the flies with Duco cement prior 
to injection (fig. 1). The discs, which prevented 
the ingestion of excreta, allowed for the quantita- 
tive collection of metabolites. At the end of 3 
days the discs were carefully removed with 5 to 
10ul. of acetone, extracted, and analyzed for 
radioactive compounds. 

In the metabolism studies two groups of 300 
injected female flies were held with an equal num- 
ber of untreated males in screen cages. After 
an initial period of 4 to 5 days, eggs were col- 
lected on alternate davs, weighed, frozen, and held 
under refrigeration. At the end of 21 days the 
surviving females were analyzed. For a complete 
balance study the dead females were removed 
daily and held for separate analyses. 

The excreta were extracted with water, and the 
discs rinsed with 50% ethanol and then with 
dichloromethane. The total radioactive com- 
pounds present were determined from plated 
aliquots. The aqueous ethanol was extracted 
repeatedly with equal volumes of dichloro- 
methane, and the extracts were pooled, radio- 
assayed, and analyzed by paper chromatography. 
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Another group of discs were saponified and the 
neutral sterols and bile acids extracted and radio- 
assayed (Matschiner et al. 1957). 

The eggs or female flies from the metabolism 
studies were ground in an all-glass homogenizer. 
The homogenate was added to four volumes of 
acetone-ethanol (1:1) and refluxed 114 hours. 
The extraction mixture was suction-filtered while 
hot, and the residue rinsed several times with hot 
acetone-ethanol. The filtrate was adjusted to a 
known volume, and aliquots were plated for 
determination of total radioactive compounds. 
The acetone-ethanol was then removed under 
vacuum and the remaining aqueous phase ex- 
tracted with several equal volumes of peroxide- 
free diethyl ether. The extracts were pooled and 
dried over anhydrous sodium sulfate, and the 
ether was removed under vacuum. Immediately 
following radioassay, the extracts were protected 
from light and oxidation and held under refrigera- 
tion until further analysis. 


Table 1.—Survival and egg production of two groups of 
300 female house flies injected with 4-C'*-cholesterol. 


Group Number of female flies Egg production 


No. Surviving Dead (grams) 
£ £ 


8.55 
8.79 


203 
224 


The ether extractives were fractionated by 
chromatography on a 1.2 x 7.5 cm. column of 7.5 
grams of Woelm nonalkaline aluminum oxide, 
grade I, deactivated with 1.5% water. The 
column was eluted successively with 100 ml. of 
n-hexane, benzene, diethyl ether, and methanol, 
which elute the hydrocarbons, sterol esters, free 
sterols, and more polar steroids, respectively. 

The total extracts and various fractions of the 
column were also analyzed by paper chromatog- 
raphy by a modification of the reversed-phase 
system reported by Martin (1957). Whatman 
No. | filter paper was coated with a 20% solution 
of deodorized kerosene in chloroform (v/v). The 
developing solvent consisted of 60% aqueous 
propanol saturated with deodorized kerosene. A 
500-ml. glass-stoppered graduate cylinder con- 
taining 50 ml. of the developing solvent and lined 
with Whatman No. | filter paper was used as the 
chamber. Approximately 20 cm. runs were made 
by the ascending method. This system separates 
three major groups of steroidal compounds: 
sterol esters (R¢ 0.00-0.13), sterols (R¢ 0.37-0.47), 
and more polar steroids (R¢ 0.65-0.90). 

The sterol esters from the previously described 
column were saponified with alcoholic potassium 
hydroxide under nitrogen. The free sterols from 
the ether fraction and the saponified esters were 
acetylated and the acetates analyzed by chro- 
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matography on a 1.2x25 cm. column of 25 
grams of Woelm acid aluminum oxide, grade II. 
The column was eluted with n-hexane-benzene 
(95:5), and the fractions (72 ml.) were collected 
with an automatic fraction collector. Aliquots 
were radioassayed, and the fractions representing 
the major peaks were pooled for reverse isotope di- 
lution. Following isotope dilution, cholesterol was 
purified through its dibromide (Fieser 1953) and 
the 7-dehydrocholesterol and ergosterol by re- 
peated recrystallizations from different solvents. 
The specific activities of these compounds were 
determined from duplicate 25—mg. samples melted 
in planchets containing filter-paper discs. The 
reproducibility of this method was found to be 
+ DO7 


O- 


Recovery of C'*-compounds from female 
and eggs 3 weeks after administration 
of 4-C'*-cholesterol. 


Table 2. 
flies 


Percent 


Group Total 
y of dose 


No ugm. ugm./fly 


Females, live 


1 


9 


Females, dead 
l 
2 

Eggs 
1 


2 


RESULTS 

Only low levels of radioactivity were excreted 
by the flies following injection of 4-C'-cholesterol. 
When the metabolites were removed from the 
discs by direct extraction, only 2.0% and 2.5% 
of the dose were accounted for in the excreta of 
the male and female, respectively, 3 days after 
treatment. From 80% to 90% of the fecal 
metabolites was extracted from the aqueous- 
ethanol extracts with dichloromethane. When 
these extracts were analyzed by the reverse-phase 
system, about 36% of the radioactivity behaved 
as neutral sterols, 60% as more polar degradation 
products, and 4% as sterol esters. 

Analyses were made of the excreta for neutral 
sterols and bile acids following saponification. 
The neutral sterol fraction represented about 
0.5% of the administered dose and acidic com- 
pounds accounted for another 0.2%. Because 
of the low levels of radioactivity, no further 
analyses were made on the fecal metabolites. 

The survival and egg production for the two 
groups of flies used in the metabolism studies are 
shown in table 1. When the surviving and dead 
females and the eggs were analyzed following 
direct extraction, 76% to 79% of the total dose 
was recovered (table 2). At the end of 3 weeks 
the surviving flies still retained nearly 18% of the 
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administered radioactivity and another 45% was 
found in the eggs. Because of possible microbial 
decomposition, no further analyses were per- 
formed on the females that died during the 
experimental period. 

The results of column analyses of the total 
extracts are given in table 3. The sterol ester 
fraction was 6 to 10 times greater in the eggs 
than in the females, and the combined sterol ester 
and neutral sterol fractions accounted for approxi- 
mately 97% of the radioactive compounds in 
both the eggs and the females. The more 
polar steroids were about equal in the eggs and 
adults. Only low levels of radioactivity were 
eluted from the column with n-hexane. These 
results were confirmed by paper chromatography 


Table 3.—Column chromatographic analysis of 
C'*-compounds from female flies and eggs 
following treatment with C!*-cholesterol. 


Percent of radioactive compounds 


Diethyl 
ether 
free 

sterols) 


Group 
No n-Hexane 
hydro- 
carbons 


Methanol 
(polar 
steroids 


Benzene 
sterol 
esters ) 


When the acetates of the free sterol fraction 
from the females and eggs and the sterol ester 
fraction from the eggs were chromatographed on 
acid alumina grade II, two peaks were detected 
(fig. 2). The first peak was eluted in fractions 
7-11 and behaved as cholesteryl acetate (A* 
fraction), and the second peak, fractions 13-22, 
coincided with 7-dehydrocholesteryl acetate (A°? 
fraction). After the removal of these two com- 
pounds, the more polar steroids were eluted with 
methanol. The A’ fraction was the major com- 
pound in both females and eggs (table 4). The 
A’? fraction of both the free and esterified sterols 
of the egg was 3.5 to 4.0 times greater than that 
found in the females. The free and esterified 
sterols in the eggs were similar in composition. 

Reverse-isotope dilution and purification of the 
A® fraction from the females and eggs gave no 
significant change in specific activity (table 5), 
indicating that this fraction is unchanged 
cholesterol. 

When the radioactive compounds from the 
A®’ fraction from the eggs were diluted with 
purified 7-dehydrocholesteryl acetate, there was 
no significant change in specific activity after six 
recrystallizations (table 6). With another aliquot 
of this fraction diluted with ergosteryl acetate, 
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the specific activity was decreased by about 71% 
after three recrystallizations. Saponification and 
three additional recrystallizations gave a specific 
activity of only 7% of the starting material. 
Because of insufficient material no further puri- 
fication was made. 


4 
10 


COUNTS PER MINUTE X 


> 


10 15 20 25 
FRACTION 
2.—Alumina chromatogram of acetylated sterols 
trom house fly eggs. Solvent mixture was hexane: 
benzene, 95:5 (72-ml. fractions) 


DISCUSSION 

The female house fly appears to have a strict 
sterol economy, as evidenced by both the low 
excretion and the high recoveries from adults and 
eggs 21 days after treatment. The rate of excre- 
tion found for both sexes is only about 10% of 
that reported for the rat over a similar period 
(Siperstein and Chaikoff 1952). The relatively 
small amount of acidic material found in the 
excreta indicates a different metabolic pathway in 
insects than in mammals. 

The injected cholesterol is efficiently utilized 
in egg production. As the adult house fly is 
unable to synthesize sterols (Robbins et al. 1959), 
it is possible that a dietary source of these com- 
pounds is necessary for reproduction. Recent 
investigations at this laboratory have shown 
that dietary sterols are essential for the sustained 
production of viable eggs by the house fly (Mon- 
roe 1959). 

The large amount of unchanged cholesterol 
recovered is of interest, as preliminary studies on 
the major sterol from unfed adult house flies 
reared by CSMA procedure have shown that the 
sterol from these organisms has different physical 
properties and IR spectra than those of choles- 
terol (Louloudes, unpublished data). Thus the 
house fly must be less specific in the sterols that 
it can use without metabolic modifications than 
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is Tribolium confusum Duv. This insect con- 
verts all utilizable sterols into two compounds, 
which behave like cholesterol and 7-dehydro- 
cholesterol when analyzed by paper chromatog- 
raphy and the Liebermann-Burchard color test 
(Beck and Kapadia 1957). The lack of specificity 
is further substantiated by the ‘“‘fast-acting”’ 
sterols of house flies reared by CSMA procedure. 


Table 4.—Column chromatographic analyses of free and 
esterified sterol fractions from female flies and 
eggs as their acetate derivatives. 


Percent of radioactive 
compounds 
Fraction ee nme a 
: »Sterols - 
Free sterols et ae 


in females 
; Esters 


Free 

70.0 

26.0 
4.0 


AS ax 66 5 
aa 29 0 
More polar steroids 4.5 


Both the 3-day-old unfed adults and the eggs from 
adults fed on sucrose-dry milk contain a sterol, 
which, following purification by digitonin pre- 
cipitation and column chromatography, gives the 
typical UV spectra of a conjugated 5-7 diene 
and a positive color test with activated glycerol 
dichlorohydrin (Monroe, R. E., unpublished 
data). This reagent reacts with ergosterol but 
not with 7-dehydrocholesterol (Ettinger and 
Sobel 1949). 


Table 5.—Reverse-isotope dilution and purification of 
A®-sterol acetate fraction from female 
flies and eggs. 


| CPM per mg. of 
Deiciiidiaies cholesterol 


Females | Eggs 


Dilution with cholesteryl acetate 

Saponification of cholesteryl acetate, 
purification of cholesterol through 
the dibromide 

Second purification of cholesterol 
through dibromide 

Third purification of cholesterol 
through dibromide 


However, Bergmann and Levinson (1958) re- 
port that pupae of Musca vicina Macq. reared on 
wheat bran with a culture of Escherichia coli con- 
tain, in addition to a considerable quantity of 
B-sitosterol, sterols that will support the growth of 
Dermestes vulpinus Fabr. The latter insect can- 
not grow on phytosterols, but has been found to 
develop only when cholesterol or 7-dehydro- 
cholesterol is added to the diet (Fraenkel et al. 
1941). Whether this growth-promoting sterol is 
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derived from a phytosterol by dealkylation of the 
side chain or is a phytosterol precursor(s) common 
io both cholesterol and the phytosterols (Neider- 
hiser and Wells 1959) remains to be determined. 


Table 6.—Reverse isctope dilution and recrystallization 


of A®’7-sterol fraction from the eggs. 


CPM per mg. of 
sterol 
Procedure 
Ergo- 
sterol 


7-Dehydro- 
cholesterol 


Dilution with nonradioactive sterol 
acetate 

Recrystallization of sterol acetate 
successively from acetone, me- 
thanol, and absolute ethanol 

Saponification of sterol acetate, re- 
crystallization of free sterols suc- 
cessively from acetone, methanol, 
and absolute ethanol 


A major metabolic pathway for cholesterol in 
the house fly is its dehydrogenation to 7-dehydro- 
cholesterol. This conversion has also been re- 
ported for Tribolium confusum (Beck and Kapadia 
1957). The formation and possible function of 
the 5,7 diene or provitamin D structure is of 
interest, as insects have never been shown to 
require or to utilize a dietary source of vitamin 
D in lieu of sterols 
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THE LIFE CYCLE OF THE HACKBERRY GALL-FORMER, PACHYPSYLLA 
CELTIDIS-GEMMA (HOMOPTERA: PSYLLIDAE)' 
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Manhattan College, Riverdale, New York 71, N. Y 


ABSTRACT 


In the New York City area, adults of this species occur 
for only a few weeks in the later part of June. Eggs are 
laid on young leaves of Celtis, a single female laying more 
than 100 eggs. First-instar nymphs enter the bud to 
initiate gall formation, and commonly several nymphs, 
each in its own chamber, are found within a gall. The 
first four stadia require 31% to 4 weeks each, their nymphal 
ecdyses occurring inside the gall. Fifth-instar nymphs 
over-winter in the galls, and their final ecdysis takes 
place after emergence from them in mid-June; the average 


With the destruction of many shade trees in 
recent years by varied fungous and insect attacks 
there has been renewed interest in the preservation 
and recovery from such attacks of all our trees. 
The hackberry (Celtis occidentalis) is not a popu- 
lar shade tree, probably due to the many deform- 
ing parasites it harbors. One of these parasites 
of common occurrence is the jumping plant 
louse, Pachypsylla celtidis-gemma Riley (Homop- 
tera: Psyllidae), which destroys large numbers 
of leaf buds by the formation of galls on young 
hackberry twigs. The galls are determinate. 


according to the classification followed by Felt 


(1940), since the true nature of the bud is masked 
or destroyed by the deformity. The gall-forming 
insect is univoltine, having only one generation a 
year, but differs from most other psyllid gall- 
formers on the hackberry in remaining over the 
winter as a nymph within the gall. 

The hackberry bud gall may be regarded as 
polythalamous, since more than one nymph is 
usually found within a gall, each nymph residing 
in an isolated chamber or compartment. When 
first formed the gall is green and covered by bud 
scales. Later, during the fall, the gall, which has 
increased in size, becomes hard and woody, turns 
a light brown color, and assumes a globular form 
with a smooth external surface. The bud scales 
are pushed back and remain for a time at the base 
of the bud in a shriveled condition. The mature 
polythalamous gall is nodular, each nodule indi- 
cating the presence of a nymph within an under- 
lying compartment (fig. 1). A definite correla- 
tion is found between the size of the gall and the 
number of nymphs residing therein (fig. 2). 

Many of the young hackberries of the Riverdale 
and Inwood sections of New York City were 
found to be infested with P. c.-gemma. More 
than 50 years ago Beutenmiuller (1904) noted the 
common occurrence of the hackberry bud gall 


1Contribution from the Biological Laboratories of 
Fordham University and Manhattan College. Accepted 
for publication August 6, 1959 


duration of this stadium in 34 weeks. A differentiated 
region of granular sclerenchyma tissue in the outer gall 
wall serves as an escape hatch for the fifth instar. The 
chromosome number of P. c.-gemma is distinct from those 
of other species of Pachypsylla examined, the male having 
a typical diploid complement of 20A+XO. Infested 
buds are destroyed by the gall-former. Heavily infested 
trees appear unsightly, and young trees under repeated 
annual attacks may not survive 


within a 50-mile radius of New York City. The 
infestation would probably be more common 
were it not for the biological control exercised by 
the chalcid fly Psyllaephagus pachypsyllae. Over 
30 percent of the psyllid nymphs dissected from 
galls used in this study were destroyed by this 
endoparasite. 


Fic. 1.—Twig of Celtis showing normal buds 
in winter condition and two large polythalamous 
bud galls produced by a multiple infestation of 
Pachypsylla celtidis-gemma 


The adult P. c.-gemma was first described by 
Riley (1885, 1890), and a brief description of its 
life history was reported by Weiss (1921). A 
more recent and detailed description of the adult 
is given by Tuthill (1943) in his comprehensive 
monograph on the psyllids of America north of 
Mexico. 


LIFE CYCLE OF Pachypsylla celtidis-gemma 
The final ecdvsis of P. c.-gemma to the adult 
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occurs shortly after the fifth nymphal instar escapes 
from the gall. Just prior to this molt the nymph 
shows a general tremulousness which is especially 
marked in the abdomen, legs, and antennae. 
The convulsive body movements produce a longi- 
tudinal split in the anterodorsal region of the 
nymphal exoskeleton. A clear fluid oozes from 
this opening just prior to the emergence of a 
dusky gray adult with shriveled wings. After 14 
hours, normal body pigmentation is complete 
and the glossy, uniformly brown, leathery wings 


) 


are fully expanded (fig. 3). 


© INCIDENCE PERCENT 
@ DIAMETER OF GALL 


INCIDENCE 
OIAMETER OF GALL 


PERCENTAGE oF 
OVERALL 


AVERAGE 


« 6 8 

NUMBER OF NYMPHS WITHIN GALL 
Fic. 2.—Percentage of P. c.-gemma galls with 1 and 
up to 14 nymphal inhabitants as related to the average 
overall diameter of mature monothalamous and poly- 
thalamous galls with increasing numbers of nymphs 
Values based on study of 150 galls collected at random’ 


Within a short time the adults copulate. 
assuming a side by side position on a hackberry 
twig. The male holds the female by placing a 
prothoracic leg across the female’s head. After 
copulation the adults live only a brief time, 
usually not more than 2 weeks, during which 
time the female lays its eggs. Eggs are deposited 
singly, or in groups of two to five, on a hackberry 
leaf, in the depressed areas adjacent to veins, or 
in the angles formed by the larger veins of the 
proximal portion of the leaf lamina. Each female 
lays over one hundred eggs. 

The Egg and Eclosion.—The newly laid egg, 
which is white, smooth and ovpid, measures ap- 
proximately 0.28 mm. in length and 0.16 mm. 
in width across its widest part. Its broader, 
rounded posterior end gives rise to a pedicel about 
0.03 mm. long. A cross section of a hackberry 
leaf with attached eggs shows the pedicel ending 
in an expanded thin-walled vesicle implanted 
within the lower epidermis and the adjacent 
mesophyll, and surrounded by cement substance. 
The chorion of the free anterior end of the ovum 
is drawn out into a fine filament, about one-third 
the length of the egg proper. A micropyle at 
the distal end of the filament provides the sole 
portal for sperm entry. 
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Eggs incubated at 22° C. in the laboratory 
hatched in four to five days. As hatching time 
approaches the eggs turn a light brown color. 
Eclosion is effected by the movements of the 
newly differentiated nymph whicli ruptures the 
egg chorion at its anterior extremity. 

The Nymphal Stadia.—There are five instars 
in the nymphal development of P. c.-gemma 
(fig. 4). The first instar may be observed from 
eclosion until its enclosure within hackberry bud 
tissue some few days later. Since the first four 
ecdyses occur within the confined compartment 
inhabited by a single pysllid, any particular 
stadium may be determined by checking the 
number of exuviae within the dissected gall 
chamber. The fifth nymphal instar, upon its 
emergence from the gall, may be observed until 
its final ecdysis to the adult form. 

The duration of each stadium can only be 
approximated due to the impossibility of observ- 
ing the activities of immature psyllids within 
the gall. The estimates given (fig. 5) were 
attained by numerous gall dissections made at 
regular intervals to determine when a large 
majority of the nymphs attacking the same tree 
are in the same stage of development. Three 
generations of psyllids over a 3-year period were 
examined to make these estimates. 

First Instar.—The tiny first instar upon eclosion 
has a characteristic flat, oval-shaped body which 
measures about 0.3 mm. in length and 0.16 mm. 
in width. While the ventral side of the body is 
of uniform lemon color, the dorsal surface has a 
characteristic pattern of dusky pigmented bands. 
The eyes are red as in all subsequent instars 
The antennae are three-jointed, with a well- 
developed sensillum on the terminal segment. 
The wing buds show no elevation. A fringe of 
fine, elongated setae arises from the lateral mar- 
gins of the abdomen and the thorax. Except for 
a row of tiny, delicate hairs across the anterior 
margin of the head, the remainder of the body is 
devoid of setae. The posterior end of the body 
terminates in two fused, sharply pointed processes 
approximately 20u long. 

The mouth parts are the most conspicuous body 
structures of the first instar. The maxillary and 
mandibular stylets, though extremely delicate 
(about lu in diameter), are more than twice as 
long as the body, longer than they are at any 
later stage of development (fig. 6). Before the 
nymph starts feeding, the stylets, which are 
retracted as a fascicle through the clasping ap- 
paratus at the distal end of the labium, are coiled 
in large free loops under the head. At the ter- 
minal end of the inner maxillary stylets are a 
number of minute serrations, while the only 
modification of the outer mandibular stylets is a 
tiny sharp projection arising from the distal end. 
As the diameter of the stylets increases in sub- 
sequent instars these modifications may be more 
readily recognized 
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Fic. 3 
actual size 1 
actual size 2.6 mm 
collected June 20 
July 7 


Photomicrographs of yps: 
4 mm.: collected December 11. B 
; collected June 20 C 
D. Adult female with wing 


The legs of the first instar are strongly formed 
in relation to body development. Each leg 
terminates in sharp, curved double claws with a 
bilobed pulvillus arising between the claws. The 
degree of chitinization is greater than in either of 
the two following instars, which have larger but 
comparatively weaker appendages. The _pre- 
cocious functional differentiation found in the 
first-instar legs is fitting, since the nymph, follow- 
ing eclosion, must travel across the hackberry 
leaf and down the petiole to the axillary bud to 
initiate gall formation. Except for a brief period 
at the termination of nymphal development, this 
initial phase in the psyllid life cycle is the only 
time when the legs are used to travel any distance, 
since subsequently the nymph becomes an ob- 
ligate parasite confined by plant tissue. 

Second Instar.—The dorsal pigmentation char- 
acteristic of the first instar is lacking in the second 
instar, which is a uniform, light vellow color 


Pachypsylla_ celtidis-gemma. A. 


Adult female 


Life Cycle of Hackberry Gall- Former 


Early 


instar betore 
just after ecdy 


View, 
view, 


ifth instar; 


Late fifth 


partially spread, dorsal view, actual size 3 mm.; collected 


The head and thorax are truncated, while the 
abdomen tapers to end in two minute caudal 
processes which are more widely separated and 
tnly one-fifth as long as the terminal processes of 
ohe preceding instar. 

The delicate exoskeleton has very limited 
chitinization. Actually, the thickness of the 
cuticula measures only 0.84 as compared to 1.44 
in the first instar. The distensibility of the second 
instar exoskeleton is emphasized by a greater 
range of variability in body size and a poorly 
defined segmentation 

The legs are rather poorly developed in this 
stage of development and show only a slight 
increase in size over the legs of the previous 
instar. The tapering antennae are five-jointed 
and terminate in two divergent spines. The wing 
buds appear as two pairs of tiny prominences on 
the dorsolateral margins of the thorax. The 
mandibular and maxillary stylets are greatly 
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NYMPHAL STAGES OF 
P.C.GEMMA 


Fic. 4.—Camera lucida drawings of mounted nymphal stages: first instar, collected June 19: 
second instar, collected August 7; third instar, collected August 29; fourth instar, collected September 
19; fifth instar, collected December 11. Scale measurements for all instars represent 0.1 mm 
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Life Cycle of Hackberry Gall- Former 
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DURATION OF VARIOUS STADIA OF P.C.GEMMA 


Fic. 5. 
Pachypsylla celtidis-gemma. 
closure ) 
study of three generations. 


decreased in size, measuring only about one-half 
the length of these structures in the first instar 
(fig. 6). 

Third Instar.—The third instar has a number 
of distinctive characters which distinguish it from 
the previous instar. While the general body 
color ranges from lemon-vellow to orange, the 
posterior abdominal segments are darkly pig- 
There is a greater distribution of hairs 
over both the thorax and the abdomen. The 
colorless antennae, with six segments, taper 
distally and end in paired divergent bristles 
characteristic of all the instars. 

The growth of the legs from the second to the 
third instars is significant when compared to the 
small increase in size from the first to the second 
instar. The metathoracic legs are slightly longer 
than the pro- and mesothoracic legs, a size 
relationship common to all the instars. Triangu- 
larly shaped wing buds project a short distance 
from the sides of the thorax, the mesothoracic 
pair being slightly more prominent. 

Fourth Instar.—The head and the thorax of the 
finely pubescent fourth instar are truncated while 
the oval-shaped abdomen is the widest part of the 
body. Young fourth instars are lemon colored, 
but as development proceeds orange-red markings 
appear on the thoracic and abdominal segments 
so that the general body color is orange. The 
abdomen is arched upwards so that the body 
presents a distinctly bowed appearance. Thus 
the darkly pigmented terminal abdominal seg- 
ments, which taper caudally to end in a nicked 
double spine, project dorsally. These darkened 
segments, more highly chitinized than those of 
the third instar, presage the shieldlike character 
of the caudal end of the next instar. The sexes 


mented. 


+ 


Time of most frequent occurrence, and duration of nymphal and adult stages of 
The major portion of the life cycle 
is spent within the gall. The time limitation of each stadium 


represented by dotted en- 


} 


is an estimate based on 


are distinguishable at this stage. Externally the 
female has a dagger-shaped marking on the ven- 
tral aspect of the seventh abdominal segment. 
This is lacking in the male. 

The rostrum is conspicuous due to the dark 
pigmentation of the two distal segments of the 
labium. The clasp of the labium from which the 
mandibular and maxillary stylets emerge is also 
pigmented and heavily chitinized. The stvylets 
may be extended some 0.4 mm. beyond the end 
of the beak. The eight-jointed tapering antennae 
show a more distinctive segmentation than the 
previous instars. 

The well-developed legs are almost colorless 
except for the dark pigmentation of the articula- 
tions between the coxa, the trochanter, and the 
femur. The suture between the tibia and the 
tarsus is indistinct so that the two segments 
appear as a single joint terminating in paired 
curved claws as in the previous instars. The 
wing pads, extending lateroposteriorly from the 
thorax, have very little pigment in contrast to 
the deep brown coloring in the next instar. 

Fifth Instar.—Profound changes in pigmenta- 
tion, growth and morphology occur in the transi- 
tion to the last nvmphal instar. The duration of 
this stadium comprises the major portion of the 

as 
compared to the 314 to 4 weeks duration of each 
of the previous nymphal stadia and to the brief 
2-week period of adult life (fig. 5). 

The general body color of the fifth instar ranges 
from deep yellow to orange with bandlike con- 
centrations of red pigment near the intersegmental 
sutures. In striking contrast to the general body 
pigmentation, the legs, the wings, the antennae, 
the beak and the posterior end of the abdomen 
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are dark brown. The head and the thorax are 
almost truncate, as in the preceding instar, but 
the abdomen has undergone a pronounced growth 
laterad so that the width of the abdomen ap- 
proaches the length of the entire body. As noted 
in the previous instar, the abdomen is arched 
upward so that the abdominal segments with 
their prominent spines project dorsally. The 
entire body is highly pubescent in contrast to the 
glabrous nature of the adult. 


2.0 
MM. 


oB0o0Y 

@ ANTENNA 

x MOUTH PART STYLETS 
A METATHORACIC LEG 

& METATHORACIC WING 


iInsTaR | 2 3 4 
DIFFERENTIAL GROWTH OURING DEVELOPMENT 


Fic. 6.—Differential growth in the length of the body 
in successive instars of P. c.-gemma, related to growth of 
antennae, mouth-part stylets, metathoracic wings, and 


legs. 


The conspicuous, deep-red compound eyes form 
the lateral boundaries of the head, and three 
orange-tinted ocelli are visible on the upper part 
of the frons and between the anteromedial mar- 
gin of the compound eyes and the base of the 
antennae. The antennae, with 10 joints as in the 
adult, have a banded appearance due to the 
alternating wide dark bands and narrow white 
bands. The dark bands are produced by the 
pigmented antennal segments, while the light 
bands are formed by nonpigmented articulations. 

The lateral margins of the nearly conical clyp- 
eus are very distinct due to their heavy chitiniza- 
tion and deep pigmentation. The dusky colored 
beak, when not flexed in feeding position, per- 
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pendicular to the ventral surface of the body, 
extends posteriorly between the fore coxae to the 
mid-mesosternum. The mandibular and maxil- 
lary stylets approach the length of those in the 
adult but are still shorter than those of the 
first instar. The tip of each mandibular stylet 
is curved slightly, the convex side bearing several 
tiny serrations which project backward toward 
the stylet base. The maxillary stylets are inter- 
locked in the labial groove and tend to remain so 
when protruded from the rostrum. 

The legs have dark brown, well-differentiated 
segments which are readily discernible due to the 
absence of pigmentation at the articulations. 
Each trochanter possesses a row of five sensory 
pits arranged obliquely on the ventral surface of 
the segment. The metathoracic legs, which are 
slightly longer than the pro- and mesothoracic 
legs, show a more pronounced development of 
the trochanter and the femur. The tarsus, two- 
segmented as in the adult, terminates in a median 
rodlike chitinized structure bordered by a pair of 
hook-shaped claws. The pulvillus appears as a 
transparent sac extending between the tarsal 
claws. The semicircular ring of 10 to 12 black 
spines observed by Caldwell (1938) on the sub- 
apical portion of the hind tibia are adult structures 
observable through the derm of the late fifth 
instar just before the final ecdysis. Both wing 
pads are conspicuous in size and coloring, the 
mesothoracic wings being somewhat longer, more 
deeply pigmented, and more pubescent than the 
underlying metathoracic wings. 

The anterior two-thirds of the abdomen has a 
membranous cuticula, while the posterior abdomi- 
nal segments are modified to form a dark brown, 
highly chitinized caudal shield. This shield, 
which actually has almost three times the thick- 
ness (194) of the membranous derm, terminates 
in a large, bifid, horny process lying above the 
anus. Dorsally, near the base of the anal pro- 
cess is a smaller pair of fused spurs. With these 
as a geometric center the shield is studded with 
two concentric rings of posteriorly directed spurs, 
each of which arises in conjunction with an 
elongated bristle. 

Careful examination of the fifth instar reveals 
the presence of eight pairs of abdominal and two 
pairs of thoracic spiracles. The thoracic and 
the first five abdominal spiracles are readily 
recognized since the dark pigmentation surround- 
ing each opening contrasts with the yellow or 
orange body coloring. The last three pairs of 
abdominal spiracles located on the ventrolateral 
portion of the abdominal shield are observed only 
in KOH-treated, depigmented nymphs. In a 
study of body segmentation the spiracles are 
useful in defining the boundaries of the last three 
abdominal segments. 

When a gall with a fifth nymphal instar is dis- 
sected, a whitish mass is found just inside the 
outer wall of the gall compartment. This mass, 
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composed partly of exuviae from the four pre- 

ceding instars, is surrounded by a flosslike, waxy 

substance secreted by the abdominal wax glands. 

A group of 16 to 20 oval-shaped, perforated wax 

plates are found on the dorsum of the sixth ab- 

dominal segment. The pores of the wax plates 

are not readily discernible on the chitinous shield 

but their structure is clearly indicated in sectioned 

and stained nymphs. Stough (1910) believed that 

wax secreted by P. c.-mamma nymphs enters into 

the composition of the wall of the hackberry leaf 

gall formed by this species. A study of the 

chemical components of the wall of the bud gall 

produced no positive indication that the waxy 

secretions of P. c.-gemma are so utilized. Pos- 

sibly the suggestion of Witlaczil (1885) that the 

wax protects the nymph from excrementitious * 
matter is more plausible. 

. 


& 


- 
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Fic. 7.—Photomicrograph of aceto-orcein smear of 
testis of Pachypsylla celtidis-gemma, showing primary 
spermatocyte with 10 bivalents and a single X-chro- 
mosome. Enlarged about 16,000x. 

Although the testes of the early fifth-instar 
male are larger than the ovaries of the female 
nymph at a similar stage of development, sex is 
not readily discernible by body size differences 
alone. However, carefyl examination reveals a 
sexual dimorphism in the ventral aspect of the 
posterior end of the body. In both sexes the 
anus is found mid-ventrally in the last segment. 
In the female fifth instar a longitudinal groove, 
lacking in the male, extends cephalad from the 
anus, to the mid-sternite of the seventh abdominal 
segment. In the male the intersegmental groove 
between the sternites of the seventh and eighth 
abdominal segments is uninterrupted, and more 
distinct than it is in the female nymph. 

Emergence of Fifth Instar from Gall.—Even 
though the late bud gall is highly lignified, only 
rarely does a P. c.-gemma nymph fail to escape 
from the chamber it has inhabited for more than 
eleven months. The factors which contribute to 
its successful escape are the pronounced growth 
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of the fifth instar before emergence, the strongly 
developed spines on the highly chitinized caudal 
shield, and the specialized, differential histo- 
logical structure of the outer wall of the gall. 

This increase in nymphal growth occurs during 
the three months before emergence. Nymphs 
collected from galls during April are about 1.4 
mm. in length, those collected in mid-May are 
2.0 mm., while those collected in mid-June are 
found to be on the average about 2.6 mm. long. 
The increased body size is due mostly to an incre- 
ment in the first five abdominal segments, which 
undergo a two-fold increase from 0.8 to 1.6 mm. 
As a result of this growth the gall compartment 
in which the late fifth instar resides is almost 
completely filled by its occupant. This makes it 
possible for the nymph to brace itself against the 
inner wall of the gall chamber for a more efficient 
utilization of the caudal spines in effecting its 
escape through the outer wall of the gall. 

The histological structure of the late bud gall 
of P. c.-gemma was described by Wells (1916), 
but he made no reference to the differentiated 
oval plug of granular tissue in the outer gall wall 
which is readily broken through to serve as an 
escape hatch for the nymph. This granular plant 
tissue, comprised of loosely connected scleren- 
chyma cells, constitutes a structurally weak re- 
gion in the wall of the gall, but effectively seals 
the gall chamber and its occupant from the outer 
environment. By the contraction and expansion 
of its abdomen the nymph utilizes its caudal 
spines to chip away an oval aperture in the 
granular tissue. A few hours or more of activity 
are necessary for the nymph to gain its freedom. 
Many trials, with intervening rest periods, are 
made before the late fifth instar successfully 
squeezes its enlarged, flexible abdomen posterior- 
most through the opening it has produced in the 
gall. The oval apertures, measuring about 1.2 
mm. in length and 0.8 mm. in width, are readily 
visible in old galls which remain on infested hack- 
berry trees. 

Speciation of P. c.-gemma.—Distinctive mor- 
phological traits distinguish P. c.-gemma adults 
from the three other types of Pachypsyllae col- 
lected from Celtis in the same geographical area 
of New York City. Cytological studies of both 
somatic and germ tissues of P. c.-gemma indicate 
a complement of 22 chromosomes in the female 
and 21 chromosomes in the male. As Schrader 
(1928) reported for other homopterans, the male 
P. c.-gemma is heterogametic (20 A+XO), the 
undivided X-chromosome passing to one spindle 
pole in the first meiotic division of spermato- 
genesis (fig. 7). 

A great deal of indecision exists in the literature 
concerning the taxonomic relationships of Pachy- 
psyllae producing different types of galls on the 
hackberry. Pachypsyllids considered to be vari- 
ant types of P. c.-gemma by Wells (1916) were 


listed as distinct species by Tuthill (1943) 
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Many of the types listed by Felt (1940), ap- 
parently as separate species on the basis of varied 
gall morphology, were considered by Crawford 
(1914) to be too closely related to P. c.-mamma 
and P. c.-vesicula to be classified as distinct 
species. Mally (1893) claimed that distinctive 
gall morphology has little or no significance in 
the classification of the hackberry gall-forming 
psyllids. 

In an effort to dissipate some of this confusion, 
comparative cytological studies ‘were made on 
the four types of pachypsyllids available. The 
diploid chromosome complements were found 
to be: 

P. c.-gemma 922 of 2) 

P. c.-mamma 28 27 

P. c.-vesicula » 28 Sf 27 

P. c.-cucurbita 26 of 25 
A further study is planned to determine if the 
P. c.-mamma karyotype is identical with that of 
P. c.-vesicula. 

BUD GALL FORMATION 

Normal dormant axillary buds of Celtis are 
composed of a central main bud and two lateral 
accessory buds enclosed within six imbricated 
bud scales (fig. 8, A). About the time buds 
begin their active growth period, the tiny first 
instars of P. c.-gemma enter the bud under the 
bud scales and proceed downward between the 
bud units. When a favorable site is reached, 
usually adjacent to the internodal tissue between 
two primordial leaves, the nymph comes to rest 
and begins feeding (fig. 8, B). Any one of the 
three units of the compound bud may be attacked, 
and when a bud is invaded by many nymphs, the 
parasites may encroach upon the _ potential 
capacity for normal development of all the bud 
tissues. 

Inside the bud, the psyllid depends completely 
upon the plant tissues for food and shelter during 
the major portion of its life cycle. Control over 
the development and differentiation of bud tissues 
is exercised by the immature insect, since the 
minute chamber formed around the first instar is 
progressively enlarged and modified so that at no 
time is the activity of the nymph completely 
inhibited by the enveloping plant tissue. A sur- 
vey embracing the entire period of gall ontogeny 
and concomitant nymphal development, made 
from serial sections of bud galls in all develop- 
mental stages, shows that a definite relationship 
exists between the nymphal body size and that 
of the gall compartment inhabited (fig. 9). 

In the initial stage of gall induction two or 
more first instars may be found in close proximity. 
Such multiple attacks result in the formation of 
polythalamous galls. Examination of these galls 
always reveals that individual nymphs reside in 
separate compartments of the multichambered 
gall. This is the direct result of the great 
responsive growth of the meristematic bud tissue 
to the initial attack of each first instar. Before 
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the first ecdysis the host tissue completely en- 
closes and isolates each nymphal parasite. 

Feeding Activity of First Instar.—During the 
period of initial attack the first instar appears 
relatively passive, with its body compressed 
against the plastic bud tissue. However, once a 
site has been selected by the nymph, its mandi- 
bular and maxillary stylets are inserted into the 
meristematic tissue for feeding. The plant tissue 
responds by undergoing pronounced mitotic 
activity and growth, but retains its embryonic 
character for some time showing little cellular 
differentiation. 

Wells (1920) noted that early instars of P. c.- 
astericus rarely withdraw their mouth parts to 
reinsert them into a new locus for feeding. Other 
instances of homopteran gall-formers which make 
only a single initial puncture during an extended 
period in early gall-formation have been re- 
ported (Parr 1939). An examination of the plant 
tissue underlying the first instars of P. c.-gemma 
reveals that it is not uncommon to find as many 
as six different probings at different loci in the 
plastic plant tissue. Apparently, the elongated 
delicate stylets, which measure only ly in diam- 
eter, are readily withdrawn and reinserted into 
the soft primordial bud tissue. 

Notwithstanding the extraordinary length of 
the stylets, which measure more than twice the 
length of the body of the first instar, no penetra- 
tion of the bud tissue was found to exceed 7Oun. 
However, the great length of the stylets makes it 
possible for the first instar, which is closely 
circumscribed by plant tissue, to change its 
feeding sites in spite of the restraint placed upon 
its body movements. Punctures may be made 
at some distance from the rostrum, perpendicu- 
larly or obliquely to the surface of plant tissue 
upon which the nymph rests. In some instances 
the angle of penetration is so acute that the 
stylets are almost parallel to the surface of the 
tissue attacked. 

Effects of Feeding on Plant Tissues.—Each time 
the bud tissues are punctured by the feeding 
nymph a cylindrical organic sheath is deposited 
around the stylets. The sheaths, which are 
intensely stained by hematoxylin in prepared 
sections of galls, remain as permanent structures 
in the plant tissue. The sheath diameter is 
fairly regular, measuring on the average about 
12u, but lacks the remarkable uniformity Wells 
(1920) ascribed to the sheaths found in P. c.- 
astericus galls on hackberry leaves. In the bud 
gall the sheath is slightly nodular and discon- 
tinuous, being interrupted at the intercellular 
spaces. At the point where the stylets enter the 
plant tissue a small elevation of sheath material 
is raised above the surface of the tissue lining the 
gall compartment. The stained tracings due to 
the stylet probings in the walls of sectioned galls 
are useful in studying the feeding activities of 
nymphs during various stages of development 
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Fic. 8.—Photomicrographs of longitudinal sections of normal Celtis buds and of buds infested by 
P. c.-gemma during early stages of gall ontogeny, stained with hematoxylin, safranin, and fast green. 
Enlarged about 25x. A. Normal axillary bud, showing the main bud and two accessory buds enclosed 
by bud scales; collected June 30. B. Recently infested bud, showing hyperplasia of right accessory bud 
under attack by several early first instars; collected June 30. C. Section of young twig, showing attached 
bud infested by first instars partly enclosed in plastic plant tissue; necrotic effect of parasite on terminal 
tissue of bud is visible; collected July 7. D. Longitudinal section of infested bud showing several second 
instars enclosed within plastic plant tissues; collected July 29 
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Plant cells in the direct path of the penetrating 
stylets are emptied of their protoplasmic contents, 
while the contiguous cells undergo pronounced 
plasmolysis. The bud tissues somewhat removed 
from the plasmolyzed cells show numerous mitotic 
figures during the early stages of gall development, 
the period of most rapid cellular division occurring 
during the few weeks following the initial attack. 


© DIAMETER OF GALL CHAMBER 
@LENGTH OF NYMPH 
X WIDTH OF OUTER GALL WALL 


INSTAR ! 2 3 4 


5 
ean cate 


Fic. 9.—Relationships of length of P. c.-gemma in- 
stars, diameter of the gall compartments inhabited, and 
thickness of outer wall of the gall in successive stages of 
nymphal development. 


At the end of this period there is a definite hyper- 
plasia of the bud tissues, so that even a cursory 
external examination identifies an infested bud. 
The growing parenchyma tissue is elevated around 
the first instar to form a crateriform depression in 
which the nymph resides. 

The mitotic divisions within the stimulated 
meristematic bud tissue are rapid, but appear to 
be normal. Smears of actively dividing tissues 
revealed identica! diploid complements of 28 
chromosomes in cells of both infested and normal 
hackberry buds. According to Sax (1941), who 
made counts from first maturation divisions dur- 
ing microsporogenesis, this is the normal diploid 
chromosome number for Celtis occidentalis. 

Enclosure of the Nymph within the Gall.—The 
activity of the nymph is never completely inhib- 
ited by the enveloping plant tissue. A con- 
spicuous morphological trait of the first instar is 
the fringe of sharp elongated setae extending from 
the lateral and caudal margins of the body and 
from the distal ends of the legs. Sections of galls 
with first instars show that these bristles may at 
times actually pierce the surrounding plant tissue. 
The presence of the bristles may preclude too 
intimate an enclosure of the parasite by the host 
tissue and at the same time provide an added 
stimulus for mitotic activity to the bud meristem. 

Once initiated, gall formation proceeds rapidly. 
The circular fold of bud tissue forming the con- 


Annals of the Entomological Society of America 


[Vol. 53 


cavity continues to grow up and over the first 
instar to effect an almost complete enclosure 
(fig. 8, C and D). As the concavity with the 
nymph deepens, trichomes arise from the epi- 
dermis of the adjacent internodal tissue and from 
the dorsal surface of the primordial leaf. The 
trichomes from the appositive surfaces of the 
plant structures intertwine to close over effectively 
the partially formed gall chamber. The tri- 
chomes, which are acicular plant cells frequently 
attaining a length of over 0.2 mm., are normal 
structures arising from the epidermal layers of 
Celtis leaves. The conspicuous feature in their 
appearance above the forming gall compartment 
is their great abundance as compared with the 
number found in the normal bud. The trichomes, 
however, are destined to disappear when the 
primordial tissues distal to the forming gall 
undergo progressive degeneration. 

Actual closure of the gall occurs when greatly 
hypertrophied parenchyma cells abut from the 
basal meristematic tissue surrounding the gall 
opening temporarily closed by the intertwining 
trichomes. The hypertrophic cells proliferate to 
plug the opening and imprison the parasite within 
a chamber with an uninterrupted wall of plant 
tissue. The hypertrophied polyhedral cells, which 
may attain a diameter of 90y, are highly vacuolate 
with their nuclei frequently pushed against the 
cell membranes 


0.8 
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Fic. 10.—Relationship between length of mouth-part 
stylets of the five instars and average depth of their 
penetration into gall tissues during feeding. 


Destruction of Normal Bud Tissues.—During 
early gall development all the meristematic tissue 
of the infested bud usually becomes active, though 
the growth rate of the normal tissue is not as 
rapid as that of more basal hyperplastic tissues 
attacked by the parasite. Growth of the terminal 
tissues seems to proceed normally for a limited 
time so that a new annual twig with its leaves 
emerges from the bud. However, growth and 
development of the normal young tissues soon 
cease, and a rapid atrophy ensues. The proto- 
plasts undergo pycnosis. The nuclei become 
fusiform and less chromophilic, the cytoplasm 
becomes granular, the chloroplasts degenerate, and 
the cell walls become sclerified. Strands of 
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Fic. 11.—Photomicrographs of sections of older bud galls produced by Pachypsylla celtidis-gemma, stained 
with hematoxylin, safranin, and fast green. Enlarged about 25x. E. Longitudinal section of polythalamous gall 
with third instars, showing progressive lignification of outer gall tissue and necrosis of the terminal bud tissues; 
collected August 29. F. Section of monothalamous gall with fourth instar, showing differentiation of protective 
zone of sclerenchyma cells; vascular elements are visible in basal portion of the gall; collected September 26. G. 
Section of monothalamous gall with fifth instar, showing the inner nutritive and outer protective zones in the 
gall wall; collected December 5. H. Section of mature monothalamous gall with fifth instar, showing plug of 


granular plant tissue through which the parasite is destined to escape; collected January 2 
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differentiating vascular tissue may be distorted 
and twisted out of shape. 

A number of factors appear to be involved in 
the early death of the plant tissues distal to the 
young gall. Most important of all are the 
persistent nutritive demands of the young, 
actively feeding parasite on the basal meristematic 
bud tissue. Other less significant but destructive 
activities of the parasite on the plant tissues are 
the repeated probings of the stylets in feeding and 
the mechanical pressure of the nymphal body on 
the plastic parenchyma with its differentiating 
vascular elements. Disrupted tracheal vessels 
are found in the compressed necrotic tissues lining 
the compartments of the young gall, and in rarer 
instances, insoluble feeding sheath material plugs 
the tracheal vessels to inhibit the transfer of sap. 

The disrupted flow of sap to the tissues of the 
young twig distal to the gall results in their 
abortion and death. Withered remnants of these 
tissues are found at the apex of a young mature 
gall. Subsequently the necrotic tissues fall away 
to leave the completely smooth surface which 
characterizes the older gall. 

Later Feedingand Enlargement of Gall Chamber. 

In early gall formation the ventral surface of the 
first instar is pressed to the internodal tissue of 
the primordial twig and its body is closely circum- 
scribed by the proliferating bud tissue. After 
enclosure is effected the nymph maintains for 
some time its earlier orientation with its venter 
resting against the basal tissue of the newly 
formed compartment. Due to the restriction of 
the surrounding plant tissue the first instar feeds 
solely on the underlying basal tissue of the form- 
ing gall, and as expected, all the feeding sheaths 
are found in this region at this time. 

Though a marked decrease in the length of the 
mouth part stylets occurs in the second and third 
instars, the stylet penetration into the host tissue 
in these stages is deeper than the probings of the 
first instar. The stylets are longer in the fourth 
and fifth instars, and the tendency in feeding to 
penetrate the gall tissues more deeply increases 
in each successive stage of nymphal development 
(fig. 10). In addition, the compartment in which 
the nymph resides is enlarged at a rate which 
exceeds that of nymphal growth during the third, 
fourth and early fifth stadia of development 
(fig. 9). A greater freedom of movement is con- 
ferred upon the later instars, which begin to feed 
at any point in the wall lining the compartment. 
Feeding sheaths during the last three nymphal 
stadia are found throughout the whole circum- 
ference of the gall chamber. Thus, after the 
differentiation of the plastic tissues of the gall, 
the demands of the developing parasite are met 
by the noted increase in the length of the stylets 
and the increased activity of the nymphs resulting 
from a continuous increase in the size of the gall 
compartment. 

The enlargement of the gall chamber is due to 
the progressive destruction of the inner paren- 
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chyma tissue as a direct result of feeding. Cells 
emptied of their protoplasmic substance are col- 
lapsed by the body contact of the active nymph. 
As the cavity is successively enlarged the mass of 
collapsed tissue lining the cavity increases cumu- 
latively. Thus when the active growth of the 
gall slackens in the fall and finally ceases during 
winter, the thickness of the wall is progressively 
diminished. In late April or early May, when 
the hackberry resumes its vital activities and sap 
flows freely to all the plant tissues, the fifth instar 
increases its feeding activity. Thus there is a 
correspondingly larger number of feeding sheaths 
found in galls collected at this time. 

Lignification of Gall Tissue.—About the time 
the hypertrophied parenchyma tissue completes 
the closure of the gall compartment lignification 
of the peripheral gall tissue begins (fig. 11, E). 
The cells of the outermost layer of the gall 
develop thickened walls and an amber substance 
replaces the living protoplasts. By the latter 
part of August, about the time when the gall 
contains young third instars, a periderm with 
three or four layers of rectangular cells, having 
the typical appearance of the storied type of 
phellem or cork tissue, is formed. At this period 
the gall is composed of parenchymatous cortical 
tissue with scattered vascular elements sur- 
rounded by a thin layer of lignified cells. Mitosis 
of the vacuolated parenchyma cells is greatly 
reduced and similar to that described by Bloch 
(1941) in early stages of wound tissue formation. 

In the gall containing the fourth instar the wall 
of the compartment differentiates a conspicuous 
layer of sclerenchyma tissue (fig. 11, F) just inside 
the phellem or cork tissue, apparently resulting 
from the lignification of the outer parenchymatous 
cortical tissue. The newly arisen sclerenchyma 
cells are polyhedral in shape, have pitted walls 
and are loosely arranged with large intercellular 
spaces. By mid-October this scleride zone attains 
a maximum thickness of about 0.24 mm. as com- 
pared to a thickness of 0.32 mm. for the inner 
parenchyma zone. 

During this same period a most significant dif- 
ferentiation of the outer wall of the gall occurs 
relative to the psyllid parasite. Surrounding the 
greatly hypertrophied cells which closed the 
persistent cavity above each compartment in 
early gall formation, the cells of the cortical 
parenchyma become lignified to form pitted 
sclerenchyma which is similar to and continuous 
with the differentiated scleride layer. Since these 
cells form a loosely aggregated granularlike tissue 
with conspicuous intercellular spaces, the area 
forms a structurally weak plug of cells in the 
compartment wall. Light pressure with a dis- 
secting needle at this point is sufficient to break 
through the gall compartment wall and to expose 
the occupant. It is through this tissue that the 
fifth instar with the aid of its caudal spines eventu- 
ally effects its escape from the gall (fig. 11, H). 

As noted previously, the continuous feeding of 
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the fifth instar progressively reduces the thickness 
of the compartment wall. The inner nutritive 
parenchyma zone which was wider than the outer 
protective scleride zone in mid-October is so 
reduced by late November that the two zones are 
of approximately equal width (fig. 11, G). Sub- 
sequently, the scleride tissue does not increase in 
mass. However, a few layers of stone cell type 
sclerenchyma arise between the scleride layer and 
the outer phellem to impart to the gall wall the 
great rigidity characteristic of the older galls. 
Histology of the Mature Gall.—The wall of the 
mature gall just before the emergence of the fifth 
instar in June is comprised of: (1) an innermost 
amorphous layer of compressed cells emptied of 
their protoplasts: (2) a nutritive zone of large 
parenchyma cells containing vascular elements; 
(3) a protective zone outside the nutritive tissue 
composed of pitted sclerenchyma and stone cells; 
and (4) a thin, outermost layer of cork cells. 
Thus there is little change in the wall of the com- 
partment harboring the fifth instar except for the 
quantitative reduction of living cells of the nutritive 
zone through the feeding activities of the prrasite. 
Celtis trees of the New York City area are in 
general not profoundly affected by the destruction 
of a considerable number of buds by P. c.-gemma. 
Usually, sufficient buds escape infestation and 
develop normally during succeeding growing 
seasons to maintain the tree in a fairly vigorous 
condition. However, hackberries that have been 
attacked year after year appear unsightly, since 
old galls from which the psyllid inhabitants 
escaped remain permanently attached to the 
twigs and branches of the tree. Hackberries in a 
particular locality which are also under constant 
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attack by other species of psyllids and by other 
insect or fungus parasites appear sickly and in 
some instances do not survive. 
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THE LONGEVITY AND PRODUCTIVITY OF ADULT MALE AND FEMALE 
AEDES AEGYPTI WHEN REARED SEPARATELY AND TOGETHER 
ON THREE DIFFERENT DIETS' 


J. N. LILES 


AND D. M. 
The Ohio State University, 


DELONG 
Columbus 


ABSTRACT 


Adult females lived longer than males whether the 
sexes were reared separately or together, and whether 
fed on 10% sucrose, on citrated, hemolyzed beef blood 
containing 10% sucrose, or on a synthetic diet of amino 
acids, inorganic salts, and 10% sucrose. In all cases, 
males lived significantly longer alone than when caged 
with females, but females lived longer when with males 
than when alone, except on the blood diet where the 
longevities were relatively equivalent. On blood, fe- 


For years experimental evidence and inference 
have indicated that the female of an animal species 
is generally longer lived than the male. Hamilton 

1This investigation was supported by a research 
grant, E528 (C9), from the National Institutes of 
Health, U. S. Public Health Accepted for 
publication August 26, 1959 


Service. 


males of the mixed group laid 2.3 times as many eggs as 
were laid by the isolated group of virgin females. On 
the sucrose diet longevity of males and of females, 
whether separated or together, was as great as or greater 
than on either of the other two diets. On the blood 
diet eggs deposited in 40 days averaged 300 per fertilized 
female and 127 per virgin female, while on the synthetic 
diet the averages were 47 and 7.4, respectively. 


(1948) compiled a list of 70 species ranging from 
invertebrates to man, and in 80 percent of these 
the life span of the male was shorter than that 
of the female. His list included a number of 
insect species, and in the majority of these the 
male was listed as shorter lived than the female. 
In general, female mosquitoes outlive males, but 
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this varies enormously, depending upon numerous 
factors (Horsfall 1955). 

The series of experiments described here was 
undertaken to study (1) the effect of mating 
and/or male-female association on the longevity 
of adult Aedes aegypti (L.), i.e., whether the 
males or females live longer together or sepa- 
rately; (2) the effect of egg production on lon- 
gevity of the female; and (3) the effect of three 
different adult diets on longevity. 
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PER CENT SURVIVAL 
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DAYS 
Fic. 1.—Longevity of groups of male and female 
Aedes aegypti, reared separately and together on 10% 
sucrose. Experiment started with 100 individuals per 
test; days counted 1 day after emergence to the adult 
stage. 


MATERIALS AND METHODS 

The mosquitoes used resulted from eggs laid 
on the same day, from a stock cage of mos- 
quitoes of known age (stock diet: citrated, 
hemolyzed beef blood containing 10 percent 
sucrose). To obtain greater uniformity, only 
those larvae which hatched within 1 hour after 
submersion of the egg strip were reared as test 
The eggs were 1 month old, and had 
been stored at 27°-28° C. and 60-70 percent 
relative humidity. The method of rearing lar- 
vae was that of Burcham et al. (1956). 

In a fairly uniform group of these mosquitoes, 
approximately 50 percent of the males emerge 
before female emergence commences. The ma- 
jority of the males are not capable of successful 
copulation until they are about 24 hours old, and 
probably none at all are ready until after about 
15 hours; also, females are not capable of success- 
ful copulation until about 1 hour after emergence 
(Roth 1948). The following method, based on 
these facts, was used to obtain the virgin females 
necessary for some of the tests. 

Glass dishes containing pupae were placed in 
a medium-sized stock cage. Once emergence 
commenced, the dishes of pupae were removed 
every 6 hours, the insects inactivated in the 
cold room (8° C.), and the males and females 
pooled in separate cages. This procedure, re- 


subjects. 
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peated six times, provided an ample supply of 
virgin insects. 

On the following day the insects were again 
inactivated by cold and were placed in the 
experimental cages, measuring 12 x 8 x 9 inches, 
which could easily accomodate at least 200 adult 
mosquitoes. When males or females were to be 
reared separately, 50 were placed in each cage; 
when reared together, 50 of each sex were used 
per cage. All experiments were replicated twice, 
and were run at 27°-28° C. and 60-70 percent 
relative humidity. 

The diets used were: (1) 10 percent sucrose; 
(2) citrated, hemolyzed beef blood plus 10 per- 
cent sucrose; and (3) a synthetic diet composed of 
amino acids, inorganic salts, and 10 percent 
sucrose (Dimond et al. 1956). All diets were in 
liquid form and were presented by pouring 10 
ml., warmed to about 40° C., onto cotton-filled 
gauze pads. The pads were placed in small 
aluminum cups in the cages. Fresh diets were 
supplied every other day. 

In cases where egg production was considered, 
each cage contained a small plastic cup, half- 
filled with water and lined with paper toweling 
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Fic. 2.—Longevity of groups of male and female Aedes 
aegypli, reared separately and together on citrated, 
hemolyzed beef blood with 10% sucrose. Experiment 
started with 100 individuals per test; days counted 1 day 
after emergence to the adult stage. 


RESULTS AND DISCUSSION 

The first matter considered was the longevity 
of the males and females, reared separately and 
together, on the 10 percent sucrose diet. Here 
the effect, if any, of one sex on the other could 
be measured without the complicating factor of 
egg production, since no egg production occurs in 
our mosquitoes without a protein source. 

The data from these tests are represented 
graphically in figure 1. Male longevity (solid 
lines) was greater when males were reared alone 
than when reared with females. 

Survival curves are typically composed of three 
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phases: first, a period of universal low mortality; 
second, a period of rapid mortality; and third, a 
period where a small fraction of the original group 
tends to die out gradually at an advanced age. 
The “males reared with females” (co w 2?) group 
did not fit this pattern well. Death was quite 
rapid, almost from the beginning, and half of the 
population was dead in 20 days. In comparison, 
half of the population of the ‘“‘males reared alone”’ 
(o) group was dead in 29 days, and the period of 
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PER CENT SURVIVAL 





Fic. 3.—Longevity of groups of male and female 
Aedes aegypti reared separately and together on a syn- 
thetic diet. Days were counted | day after emergence 
to the adult stage. 


rapid deaths did not occur until 22 days, after 
50 percent of the males in the mixed group were 
dead. In the mixed group 90 percent of the 
males were dead before 50 percent of the unmixed 
group had died. In the mixed group 90 percent 
mortality or 10 percent survival occurred at 25 
days, in the unmixed group at 51 days. 

Data for the female longevities (broken lines) 
indicated a trend just the reverse of that for the 
males. The females benefited, in some way, 
from association with the males. The first fe- 
male of the mixed group (2? w o) did not die 
until the 22d day, and at 40 days there was a far 
smaller percentage of females dead than in the 
unmixed group (9). The period of rapid deaths 
began on about the 28th day, while it started on 
about the 38th day in the mixed group. For the 
unmixed females 90 percent mortality occurred 
at 48 days, for the females in the mixed group at 
57 days. Also, the females, as a group, outlived 
the males in all cases, whether reared separately 
or together. 

In the second series of experiments the same 
setup was employed, except that the blood diet 
was used. The data are represented graphically 
in figure 2. As before, the females, as a group, 
lived longer than the males, and the males lived 
longer alone than with females. For males apart 
from females 50 percent mortality or survival 
occurred at 21 davs, for those reared with females 
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at 13 days; in the unmixed males 90 percent 
mortality required 42 days, in males mixed with 
females only 30 days. 

Half-life of the females in the mixed group was 
less (31 days) than in the unmixed group (40 
days), but the time to 90 percent mortality was 
the same (56 days) in both groups. This was 
the only case in which the longevity of females 
reared apart from males appeared to be greater 
than that of females reared with males. Sub- 
sequent tests indicated that females lived about 
an equal length of time whether reared in one 
way or the other. 

In this respect our strain of mosquitoes dif- 
fered from what has been reported for the Ameri- 
can cockroach. Griffiths and Tauber (1942) 
found that virgin female cockroaches considerably 
outlived mated ones, and that the increased egg 
production of the mated females was directly cor- 
related with decreased longevity. In our mos- 
quitoes the rate of egg production, as well as 
total eggs produced, was much greater in the 
mated group. The fact that the mated females 
lived about as long as the unmated ones, in 
spite of greater egg production, indicated prob- 
able benefit from the males or a “‘male effect.” 
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Fic. 4.—Cumulative total egg production (40 days 
by groups of 100 females each, fertilized and unfertilized; 
on citrated, hemolyzed beef blood and on a synthetic 
diet. 


The third set of experiments was conducted 
similarly, except that the synthetic diet was 
used. The results are represented graphically in 
figure 3. Again, the males survived considerably 
longer alone than when with females. Females 
reared with males lived longer than females living 
alone, despite a greater egg production by the 
mated females. With this diet, however, only 
about one-sixth as many eggs were la'd as with 
the blood diet. Thus the beneficial effect of 
association with the males apparently predomi- 
nated over any nutritional drain caused by greater 
egg production by females on the blood diet 
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Egg production is graphically represented in 
figure 4. Almost no eggs were deposited beyond 
40 days of egg production. In the mated group 
which received the synthetic diet production 
amounted to an average of only 47 eggs per 
female, as against 300 eggs per mated female 
on the blood diet. The average per virgin 
female fed on blood was 127 eggs, as compared 
with the average of 7.4 eggs per virgin female on 
the synthetic diet. 

Males, whether reared with females or not, 
lived longer on the sucrose diet than on either of 
other two, even though these others also contained 
sucrose in the same concentration. The same was 
true of females; but, as mentioned before, the 
nutritional drain of egg production must be con- 
sidered. When little egg production resulted 
(2), longevities were about the same on the 
sucrose and on the blood diets,. and surpassed 
those on the synthetic diet. In this series of 
tests, as well as others, the longevity of mated 
females on the blood diet (with relatively high 
egg production) was reduced 20 to 30 percent 
below that of mated females receiving sucrose 
only. 

A number of statistical analyses, using the 
standard ¢ test (Snedecor 1946), were run in 
order better to determine the validity of the 
results obtained. These were used to test for a 
true difference between the mean longevities of 
males reared with females against males reared 
alone, and the same for females. For all tests the 
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entire population was used. In all cases, regard- 
less of diet, the mean longevities of the mated 
males were significantly less than those of the 
unmated males at the 1 percent level. Mated 
females lived significantly longer than unmated 
(also at the 1 percent level) if they received either 
the synthetic or the sucrose diet, but not if they 
were on the blood diet. 
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SCIENTIFIC NOTE 


Discrimination Between the Pupae of Tribolium 
confusum Duv. and 7. castaneum (Hbst.) 
(Coleoptera: Tenebrionidae) 


FrANK K. Ho 
Department of Genetics, University of California, Berkeley 

Tribolium confusum Duv. closely resembles T. casta- 
neum (Hbst.) in the pupal stage as well as in the adult 
stage. Methods of distinguishing the adults of the two 
species have been presented by Good (1936) and Hinton 
(1948). However with respect to the discrimination 
between the pupae, no dependable methods are available 
at the present time. 

The pupal stage of Tribolium is an important one in 
many experimental procedures, because it is only in this 
stage that the insects can be sexed easily on the basis of 
external characteristics. The pupa moves very little; 
thus identification of the living pupa is convenient. The 
duration of the pupal stage at 29° C. and 70 percent 
relutive humidity is about 5 to 6 days. This allows a 
long period during which identification can be made. 

The two species of Tribolium discussed here often 
occur together in the same sack of infested flour or 


package of infested cereal. Aside from their economic 
importance, they are considered excellent organisms for 
studies on interspecific competition in the laboratory 
(for a review see Neyman et al. 1955). The value of 
being able to distinguish the pupae of the two species in 
a mixed culture is therefore apparent. 

The author has found that the pupae of the two 
species can be differentiated readily by an examination 
of the ventral surface of the head under low 
magnification. 

The distance between the eyes of the 7. confusum 
pupa when measured on the ventral surface of the head 
is wider than that of 7. castaneum. The range for T. 
confusum is 0.4 to 0.5 mm.; for T. castaneum it is 0.3 to 
0.4 mm. 

The first visible sign of the development of the eye 
in the pupal stage of Tribolium appears on the first or 
second day of pupal period. The facets close to the 
gena develop earlier than the others. The number of 
facets in the lateral row may be used for the identification 
of 2-to 4-day-old pupae as indicated below. 

In T. confusun, the eye cf the pupa appears as a strip 
narrowing only slightly towards the median apex there 
are four or five facets in the lateral row (fig. i-A). 

In 7. castaneum, the eye of the pupa is wide and 
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Fic. 1. 
the facets of the eyes, 
confusum. B.T. castaneum 


slightly rounded laterally, but narrows to a point at the 
median apex, thus appearing nearly triangular. The 
eye has a row of six facets laterally (fig. 1-B). 

The eye facets appear brown initially and become 
darker day by day. The whole area of the eye turns 
black one or two days before the emergence of the 
adult (fig. 2-A and 2-B). 

The gena of 7. confusum is very prominent, the upper 
part near the eye forming a nearly right-angled lobe 


Fic. 2.—Ventral views of 5- to 6-day-old pupae that 
were reared at 29° C., showing the fully developed 
black eyes, the shape of the genae, and the interocular 
distance. A. Tribolium confusum. B. T. castaneum 


Ventral view of heads of 3- to 4-day 
the shape of the genae, 


Scientific Note 


-old pupae that were reared at 29° C., showing 
and the interocular distance. A. Tribolium 


(fig. 1-A and 2-A); while in 7. castaneum the gena is 
rounded throughout (fig. 1-B and 2-B). 

To check the validity of the characters described 
here, 100 pupae of each of the two species were mixed 
and then sorted by the writer using the key given below. 
The sorted pupae were reared to adults in separate con- 
tainers. After the adults had emerged they were keyed 
to species. Only one of the adults proved to have been 
misidentified as a pupa, accuracy of 99.5 
percent. 


KEY TO PUPAE OF 
AND T. 


giving an 


TRIBOLIUM CONFUSUM 
CASTANEUM 
T. confusum 

1. Distance between eves, on 
head, 0.4-0.5 mm. 

2. Seen ventrally, eye appears as a strip narrowing 
only slightly towards median apex; if facets 
distinguishable, then four or five in lateral row 
Gena very prominent; upper part of gena near 
eye forms a nearly right angle 

T. castaneum 

1. Distance between eyes, on 
head, 0.3-0.4 mm. 

2. Seen ventrally, eye is wide and slightly rounded 
laterally, but narrowing to a point at median 
apex, thus appearing nearly triangular; if facets 
distinguishable, then six in lateral row. 

Gena fairly prominent but rounded near eye. 


ventral surface of 


ventral surface of 
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PHILIP FREDERIC BONHAG 
1923-1959 


With the death of Philip Frederic Bonhag on Novem- 
ber 1, 1959, the science of entomology lost one of its most 
brilliant young morphologists. A pioneer investigator 
in the borderline areas between morphology and phys- 
iology, at the age of 36 years he had already established 
a world wide reputation for the excellence of his papers 
on the histochemistry of the female reproductive system. 
A skilled artist and a remarkable technician, he was 
admirably equipped to pursue what he regarded as the 
‘‘new morphology"’-investigation of the finer levels of 
insect structure, including the ultramicroscopic study of 
cells. Quick to adopt and adapt new optical and an- 
alytical techniques, some of which were derived from 
the fields of chemistry and physics, his researches were 
unique in approach and execution. An outstanding 
teacher at both the graduate and undergraduate levels, 
his laboratory also attracted postdoctoral fellows from 
a variety of biological disciplines who wished to learn 
his methods and share his philosophy. 


Philip Bonhag was born in New York City on March 
5, 1923. He attended public schools in that city and 
entered Long Island University, obtaining the B.S. 
degree in 1944 with a major in biology but with emphasis 
on the physical sciences, philosophy, and the liberal 
arts. At Pennsylvania State University, where he was 
appointed ‘‘Graduate Scholar in Botany’’ he further 
strengthened his background in chemistry while ob- 
taining the M.S. degree in entomology. His education 
in entomology and zoology was completed at Cornell 
University, where he held the Schuyler Fellowship in 
Animal Biology, the William Strong Dennison Fellow- 


ship, assisted Professor F. H. Butt in teaching insect 
morphology, and obtained the Ph.D. degree in 1948. 


Bonhag’s postdoctoral career began at Kansas State 
University where he accepted an appointment as Assist- 
ant Professor of Entomology in order to teach insect 
morphology and general entomology and participate in a 
comprehensive course in general biology. In 1951 he 
was appointed to the Department of Zoology and Ento- 
mology at Iowa State University, where he also taught 
morphology and completed a laboratory manual and 
lecture syllabus for this field. He joined the faculty of 
the Department of Entomology and Parasitology, Uiii- 
versity of California, Berkeley in January, 1955, and in 
4 brief years established himself as a brilliant and 
successful teacher, sympathetic student advisor, and 
influencial member of the graduate faculty. 


In the 10 years that intervened between the receipt 
of the Ph.D. degree and his untimely death, Bonhag 
published less than a dozen papers, but each of these 
was substantial and significant. They range from gross 
anatomy of skeleto-muscular mechanisms of the horse 
tly through microanatomy and histology of the repro- 


ductive systems of the milkweed bug, to cytology and 
histochemistry of ovarian tissues of earwigs, bugs and 
beetles. 


PHILIP FREDERIC BONHAG 


Philip Bonhag died of a heart attack in his home in 
Lafayette, California, during the evening of November 
1, 1959. His heart had been weakened by childhood 
attacks of rheumatic fever. He is survived by his wife, 
Rose Siket Bonhag, whom he married at Ithaca, New 
York, on July 31, 1948, and three children. Memorial 
Services were held in his behalf on November 5, 1959 


E. G. LInsLey and Ray F. Situ, 
University of California, Berkeley 





BOOK REVIEW 


MORPHOLOGY, by E. M. 
DuPortTE. 240 pages. Illus., Reinhold Publishing 
Corp., New York. 1959. $5.00. 

Entomologists have been slowly coming to the realiza- 
tion that an introductory course in insect morphology 
is as essential to the education of an entomologist as 
training in comparative vertebrate anatomy is in the 
preparation of a vertebrate zoologist. Unfortunately, 
the quality of teaching in insect morphology has not 
been uniformly high. When a student's record lists a 
course in insect morphology, it may mean that he has 
completed an intensive, thought-provoking course on 
the comparative anatomy of insects, or it may mean 
that he has been exposed to a memory course on anatomi- 
cal nomenclature. Most morphology courses include 
laboratory work, but the most inadequate ones are based 
entirely on assigned readings. Professional insect 
morphologists are few in number and many of the people 
teaching this subject do not have an extensive morpho- 
logical background to draw upon. For years there has 
been a need for a publication, consisting of lecture out- 
lines and laboratory exercises, that could be adopted by 
teachers of insect morphology whose primary interests 
lie outside of this field. I believe Professor DuPorte’s 
book will satisfy this need admirably and, if widely 
adopted, will help to improve the scope and general 
level of teaching in insect morphology. 

Among the outstanding attributes of this publication 
is the excellent balance of subject material. Internal 
and external morphology are adequately covered. All 
systems are represented and each of these is presented 
from the comparative viewpoint. Professor DuPorte 
does not overlook the existence of oenocytes, nephro- 
cytes, pericardial cells and other inconspicuous structures 
which are sometimes passed over in beginning mor- 
phology courses. Another desirable feature of this 
manual is the inclusion of elementary excercises on insect 
histology, based upon demonstration slides. 

The insects selected by Professor DuPorte effectively 
demonstrate the anatomical facts and principles brou ght 
out in each exercise but, on the matter of his selection of 
insects, I have certain reservations. On page 5, he has 


MANUAL OF INSECT 


the study of most internal organs, but, since few living 
insects can be made available during the winter, pre- 
served material must be used."’ Although I realize that 
much preserved material must be used, I believe be- 
ginning students should be provided with living material 
at every opportunity. Vivisection has advantages both 
from the v 1ewpoint of developing surgical technique and 
from the viewpoint of observing organs in a dynamic 
state. True, the details of some organs can be seen 
best after they have been killed, but this can always be 
done later. The author has not taken advantage of 
the variety of common insects that can be reared con- 
veniently all year in the laboratory. 

I am impressed with the clarity of Professor DuPorte's 
writing. The summaries that introduce each subject 
are concise, informative, and reasonably up to date. 
These ‘‘lectures’’ rely heavily upon re latively few stand- 
ard works, especially the publications of Snodgrass. A 
few of the generalizations presented by Professor 
DuPorte will require revision as the result of recent 
research. For example, hi statement that there is a 
single body fluid, the blood, which bathes the tissues 
directly does not take into consideration the fact that 
most, if not all, organs are separated from the blood by 
membranes which may have a dialytic function. Never- 
theless, Professor DuPorte has presented the hard core 
of what we accept to be true about insect structure at 
the present time. 

The laboratory exercises are logical, well written, and 
should prove adequate for the needs of a student working 
independently in the laboratory. Perhaps some of these 
exercises are ‘‘over-written’’ in the sense that the student 
may not be rewarded with the thrill of discovery or the 
chance to extrapolate from what he has already learned. 
This criticism pertains primarily to the first part of 
the book, that part concerned with external morphology. 

From the overall viewpoint, I feel that Professor 
DuPorte and his publisher have done a remarkably fine 
job in producing a long-needed teaching aid. It should 
enjoy a wide usage. 

PuiLip F. BONHAG, 
University of California, 
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No insecticide has yet approached malathion’s 
combination of powerful, wide-range insect control 


and low toxicity to man and animals. 


One drop of malathion is all it 
takes to kill 300,000 aphids... yet 
you don’t need a respirator or spe- 
cial protective clothing to handle 
it safely. 

For fruit and vegetables, mal- 
athion offers control of most major 
insect pests. It can be used close 
to harvest without residue prob- 
lems... up to 1 day on some crops, 
three days on most crops. 

For fruit, malathion offers 
powerful insect control with safe- 
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THE MIRACLES OF MODERN INSECT CONTROL 


From fields in which it was impossible to grow corn ten years ago, farmers now get 100 bushels 
per acre without rotation. Cotton fields that weren’t worth picking now produce two bales per 
acre. Homes that would have rotted away from termite damage stand as sound as the day they 
were built. Lawns and gardens flourish, free of insect pests. These are some of the “‘miracles” of 
modern insecticides, and of the dedicated scientists who have developed safe and effective ways to 
use them. New pesticide chemicals have helped man increase his standard of living, his security, 
and his peace of mind. Those produced by Velsicol Chemical Corporation have been exceptionally 
useful. Velsicol is proud of them, and both grateful and indebted to the entomologists and other 
technicians who have made these insecticides so universally beneficial. 
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